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HUMAN T^Vr TERI.F.IIKTN-n 

The present invention relates to compositions and methods for 
affecting the human immune system. In particular, it provides 
5 nucleic acids, proteins, and antibodies which regulate immune 

system response and development. Diagnostic and therapeutic uses 
of these materials are also disclosed. 

B ACKGROT HMD OF THR TNVENTrON 

For some time, it has been known that the mammalian 
10 immune response is based on a series of complex cellular 

interactions, called the "immune network." Recent research has 
provided new insights into the inner workings of this network. 

While it remains clear that much of the response involves 
network-like interactions of lymphocytes, macrophages, 
15 granulocytes, and other cells, immunologists now generally hold the 
opinion that soluble proteins, known as lymphokines, cytokines, or 
monokines, play a critical role in controlling these cellular 
interactions. 

In view of their importance, there is a need to identify and 
20 isolate new lymphokines. 

SUMMARY OF THR TNVFNTnnN 

The present invention fills this need by providing one such 
new lymphokine. More particularly, this invention provides human 
interleukin-13 (IL-13), and methods for its use. 

25 This invention also provides nucleic acids coding for 

polypeptides themselves and methods for their production and use. 
The nucleic acids of the invention are characterized by their 
homology to cloned complementary DNA (cDNA) sequences enclosed 
herein, and/or by functional assays for IL-13 activity applied to the 

30 polypeptides, which are typically encoded by these nucleic acids. 
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oxidized glutathione; and incubating the diluted guanidine solution 
for at least about 12 hrs. 

The invention also provides an antibody which specifically 
binds to human IL-13, e.g., a mouse, a monoclonal, or a chimeric 
5 antibody. It also provides a method of supporting monocyte or B 
cell proliferation in a sample, or sustaining viability of said cell, by 
contacting the sample with an effective amount of human IL-13, 
alone or in combination with another cytokine, e.g., IL-4 or IL-10. 
In some embodiments, methods are provided for detecting human 
10 IL-13 in a sample by contacting the sample with a binding 

composition which recognizes human IL-13 or a nucleic acid which 
hybridizes to a nucleic acid encoding a human IL-13. The binding 
composition can be a monoclonal antibody, and the sample can be a 
blood sample. 

15 In other embodiments, the invention provides methods of 

modulating the growth of a hemopoietic B cell or T cell by contacting 
the cell with an effective amount of an IL-13 and It-4 combination 
or antagonists thereto, including an IL-4 antagonist. The 
hemopoietic cell growth can be accompanied by cell differentiation 

20 to antibody producing cells. 

The invention further provides methods of modulating 
proliferation of a myeloid precursor cell by contacting the cell with 
an effective amount of a human IL-13, mouse P600, or agonists or 
antagonists thereof. Often the modulating proliferation is 

25 accompanied by cell differentiation. 

Methods of modulating the immune response to an infection or 
allergen are provided, e.g., by administering an effective amount of 
a human IL-13, mouse P600, or agonists or antagonists thereof, 
including an IL-4 antagonist. And the invention provides methods 

30 of sustaining cell viability of a myeloid precursor cell by contacting 
the cell with an effective amount of a human IL-13, a mouse P600, 
or an agonist or antagonist thereof, including an IL-4 antagonist, and 
combinations with additional cytokines, including IL-4 and IL-10. 
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DESCRIPTrnKT r>T? THR iNTVFKmnM 

All references cited herein are hereby incorporated in their 
entirety by reference. 

I- General 

The present invention provides the amino acid sequence and 
DNA sequence of human interleukin molecules having particular 
defined properties, both structural and biological, designated herein 
as human interleukin- 13 (IL-13). This molecule was obtained using 
a mouse gene encoding a related mouse protein designated P600 

Some of the standard methods are described or referenced 
.e.g., m Maniatis et al (1982) Molecular Cloning. A Laboratory ' 
Manual, COXA Spring Harbor Laboratory, Cold Spring Harbor Press- 
Sanibroolc er aL (1989) Molecular Cloning: A Laboratory Manual 
ed.) vol, , 3. CSH Press. NY; Ausubel et aL, Biology, Greene 
Publishmg Associates. Brooklyn. NY; or Ausubel et al. (1987 and 
penodic supplements) Current Protocols in Molecular Biology 
Greene/Wiley, New York. 

Isolation of the human gene presented obstacles which 
prevented others from succeeding. Earlier attempts to isolate the 
human homolog of the mouse P600 protein using oligonucleotide 
probes and pnmers ended in failure. Difficulties in using such 
methods often arise from the inability to select probes of sufficiem 
length which provide a sufficient signal to noise ratio to allow 
isolauon of correct clones. Moreover, many mouse cell lines fail to 
^oduce detectable levels of mRNA for the mouse gene, even using 
highly sensitive polymerase chain reaction (PGR) techniques 

Because the homology of the mouse and human genes is 
relatively low. about 60%. relatively long probes are needed to 
provide sufficiently high homology to assure a discemable positive 
signal by hybridization. But before isolation of the human gene it 

rTirTin'' '° "'^ '^^^^ '^'"^^"Sy P^«>>" which 

regions of the target gene exhibit high homology from which the 

probe should be selected. In fact, multiple attempts using various 
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probes, alone or in combination, to isolate the gene from various 
libraries ended in failure. 

The library from which an intermediate clone of less than full 
length was isolated failed to provide the correct clone when 
5 screened with oligonucleotide or genomic DNA probes. In fact, 

clones isolated using the genomic mouse sequence as a probe turned 
out to be false positives, i.e., they did not encode the human 
equivalent as evaluated by sequencing. At least one other research 
group also failed to isolate the gene using a similar approach. 

10 A different approach was devised which successfully led to 

isolating a human homolog to the mouse P600 gene. Instead of 
using oligonucleotide probes of relatively short length, a probe 
corresponding to nearly the full length coding region of the mouse 
gene was used. Moreover, the cell type used to make the cDNA 

15 library was quite important. As indicated above, expression of the 
mouse gene varied dramatically in different cell types. The human 
B21 cells used to produce the cDNA library which provided the 
positive clone described herein turn out to be a cell type which 
expresses the human gene at a relatively high level. 

20 However, this fact was not apparent when the earlier 

screening was performed. In addition, the positive signal arising 
from the hybridization was difflcult to distinguish from background. 
The hybridization and wash conditions used in the screening were 
quite important, and slightly more harsh wash conditions could have 

25 easily eliminated any positive signal. See, e.g., Wetmur et aL^J. 
Molecular Biology 31:349 (1968). 

The initially isolated clone, designated pB21.Bf2, was less than 
full length. Isolating a full length clone required use of yet another 
cDNA library. Thus, the isolation of the full length human clone, 

30 designated pAlO.66 required investment of significant time and 

resources. After knowing the regions of high homology between the 
mouse and human genes, isolation using oligonucleotide probes of 
relatively short length would now be relatively straightforward. 

The procedure used to isolate the human IL-13 is broadly set 

35 forth below, A cDNA library, constructed in a pCD vector, was 

prepared from RNA isolated from human B21 cells. These cells are 
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human T cells which, it is now understood, exhibit many of the same 
markers as the cells providing the mouse clone. Several 
modifications and unusual techniques were utilized to overcome 
problems associated with isolating a cDNA clone when probing the 
library with oligonucleotides. 

In particular, instead of using oligonucleotide probes of 
relatively short length, a near full length double stranded probe of 
about 400 nucleotides was selected. Although previous attempts 
using a B21 derived cDNA library had failed, the near full length 
double stranded probe provided faint positive signals. Although 
several experienced molecular biologists were highly skeptical that 
the faint signals were real, continued pursuit of those signals led to 
ultimate success. 

The initial human isolate showed homology to the mouse gene, 
but lacked part of the amino terminal coding portion. Thus this 
mtermediate isolate was less than a full length clone. Attempts to 
isolate a full length clone from the B21 derived library failed 
However, upon selection of another cDNA library, the near full 
length human probe allowed isolation of the full length human clone 

A complete nucleotide and deduced amino add sequence of 
the pAlO.66 clone is shown in Table 1. This nucleotide sequence 
corresponds to the sequence defined by SEQ ID NO: 1. Table 2 
compares the gene sequence of Table 1 to a published gene 
sequence of the mouse P600 protein. Table 3 compares the deduced 
ammo acid sequence of the human IL-13 and the published mouse 
rovu ammo acid sequence. 
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Table 1: Nucleotide and Amino Acid Sequence of .huIL-13. 

TTOGGCftTCC QCTCCTCAar CCTCTCCTGT TGGCaCTGQG CCTC ATC GCG CTTITC 56 

Met Ala Leu Leu 
1 



pGACCAa3GTCATrGCTCrcACTTGCCTrGGCGGClTrGCX:3a:CCA 
Leu Thr OJur Val He Ala Leu Ohr Cys Leu Gly Gly Phe Ala Ser Pro 
10 5 10 15 20 



Met Leu Ser Gly Phe Cys Pro His Lys Val Ser Ala Gly Gin Phe Ser 
ju ao 90 



104 



200 



GGC CCT GTG CCT CCC TCT ACA GCC CTC AGG GAG CTC ATT GftG GAG CTC 152 
Gly Pro Val Pro Pro Ser Thr Ala Leu Arg Glu Leu He Glu Glu Leu 
25 30 35 

GTCAACATCACCCAGAaCCAGAAGGCTCCGCTCTCCAATGGCAGCAIG 
Val Asn He Thr Gin Asn Gin Lys Ala Pro Leu Cys Asn Gly Ser Met 
40 45 50 

GTA TGG AGC ATC AflC CTG ACA GCT GGC ATG TAC TCT GCA GCC CTC GAA 248 
Val Tip Ser He Asn Leu Thr Ala Gly Met Tyr Cys Ala Ala Leu -Glu 
55 60 65 

TCCCTGATCAACGTGTCAGGCTQCACTGCCATCGAGAAGACCCAGAGG 296 
Ser Leu He Asn Val Ser Gly Cys Ser Ala He Glu Lys Ttor Gin Arg 
70 75 80 



^^^^nCTGCCaSCACAAGGICTaVGCTGGGCAGTTrT^ 344 

ier Ala Gly Gin Phe Ser 
95 100 



AGCTTGCflTCTCCGAGACACCAAAATCGAGGTCGCCCAGTrrGTAAAG 392 
Ser Leu His Val Arg Asp Thr Lys He Glu Val Ala Gin Phe Val Lys 
105 110 115 

GACCTCCTCTIACSTTCAAftGAAACTrnTCGCGAGGGACGG'nCAAC 440 
Asp Leu Leu Leu His I«u Lys Lys Leu Phe Arg Glu Gly Arg Phe Asn 
120 125 130 

40 TGAAACTTCG AAAGCATCAT TATITQCflGA GRCAGGACCT GACTftTIGAA GITCCAGMT 500 

CAirrrrcTT TCTGATGTCA AAAATGTCIT GQGTAGGCGG GAAGGAGGGT TAGGGAQGGG 560 

TAAAATPOCT TAGCTTAGAC CTCAGCCTGT GCTQOCCGTC TTCAGCCIAG CCGACCTCAG 620 

CCTTCOCCTT GCCTAGGGCT CRGCCTCGTG GGCCTCCTCT GTCCAGGGCC CTCAGCTCGG 680 

TGGACOCAGG GATGACATCT CCCTACACCC CTCCCCTGCC CTAGAGCACA CTOTAGCAIT 740 

50 ACAGTGGGTG CCCCSXTTQC CAGACATGTG GTGGGACAGG GACCCACTTC ACACACAGGC 



800 



AACTGAGQCA GACAQCftGCT CAQGCftCflCT TCTTCTTQGr CTKaTDOT KTIXSIGIGTI 860 
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Table 2: Comparison of Human IL-13 and Mouse P600 Nucleic Acid 
Sequences (human above; mouse below). 
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TTCGG CATCCGCTCC TCAATCCTCT 
I III 

GACAAGCCAG CAGCCTAGGC CAGCCCACAG TTCTACAGCT CCCTGGTTCT 



CCTGTTGGCA CTGGGCCTCA TGGCGCTTTT GTTGACCACG GTCATTGCTC 
I MM I I II M I II I I I I II I I I I I I I I 11 I I I I I I 

CTCACTGGCT CTGGGCTTCA TGGCGCTCTG GGTGACTGCA GTCCTGGCTC 



TCACTTGCCT TGGCGGCTTT GCCTCCCCAG GCC CTGTG 

I I M I I I I M I I I I I I I I I I I I I I I I I I II 

TTGCTTGCCT TGGTGGTCTC GCCGCCCCAG GGCCGGTGCC AAGATCTGTG 



CCTCCCTCTA CAGCCCTCAG GGAGCTCATT GAGGAGCTGG TCAACATCAC 
II I I M I II I I I I t I I I III I I I II II II I 11 I I I I 1! 

TCTCTCCCTC TGACCCTTAA GGAGCTTATT GAGGAGCTGA GCAACATCAC 



CCAGAACCAG AAGGCTCCGC TCTGCAATGG CAGCATGGTA TGGAGCATCA 

M Mini I i I I I I I I I I I I I I I I II II M I I I I I i i 
ACAAGACCAG A CTCCCC TGTGCAACGG CAGCATGGTA TGGAGTGTGG 



ACCTGACAGC TGGCATGTAC TGTGCAGCCC TGGAATCCCT GATCAACGTG 
I M I I I 11 I I I I II I I I I I Mill I I I I II II I II II I I I 
ACCTGGCCGC TGGCGGGTTC TGTGTAGCCC TGGATTCCCT GACCAACATC 



TCAGGCTGCA 
II I I I I 

TCCAATTGCA 



GTGCCATCGA 
I I I I I I I I 
ATGCCATCTA 



GAAGACCCAG 
I I II I I I I 
CAGGACCCAG 



AGGATGCTGA 
I I I I I II 
AGGATATTGC 



GCGGATTCTG 
II I I I I 
ATGGCCTCTG 



CCCGCACAAG GTCTCAGCTG GGCAGTTTTC CAGCTTGCAT GTCCGAGACA 
I M I I I I I II I I I I I I I I III III 

TAACCGCAAG GCCCCCACT- — ACGGTCTC CAGC CTCCCCGATA 



CCAAAATCGA GGTGGCCCAG TTTGTAAAGG ACCTGCTCTT ACATTTAAAG 
I II I I I I I II I I I I I I I I II I I I I I I I I 11 I I I I I 

CCAAAATCGA AGTAGCCCAC TTTATAACAA AACTGCTCAG CTACACAAAG 



AAACTTTTTC GCGAGGGACG GTTCAACTGA AACTTCGAAA GCATCATTAT 

I I I I I I I I I I I I I I I II i I I I 
CAACTGTTTC GCCACGGCCC CTTCTAATGA -r r 



25 
50 

75 
100 

113 
150 

163 
200 

213 
247 

263 
297 

313 
347 

363 
388 

413 
438 

463 
468 
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AAGCAGTGGA CCCCAGGAGT CCCTGGTAAT AAGTACTGTG TACAGAATTC 1007 
I N I M I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I 
AAGCAGTGG- GCTCTGGGGT CCCTGGCAAT -ATTACTGTA TACATAACTC 911 



10 



TGCTACCTCA CTGGGGTCCT GGGGCCTCGG AGCCTCATCC GAGGCAGG — 1055 
M M M I M I III I I I II I I I II M II I I I I I 

TGCTACCTCA CT GTAGCCTCCA GGTCTCACCC CAGGCAGGAG 953 



15 



—GTCAGGAG 
I I I I I 
ATGGGAGGGG 



AGGGGCAGAA 
i II INI 
A-GGCCAGAG 



CAGCCGCTCC 

M I I I I t 
CA-ACACTCC 



TGTCTGCCA- 
I I I I I I I I I 
TGTCTGCCAC 



GCCAGCAGCC 1102 
I I I II I II 
GGCAGCAACC 1001 



20 



AGCTCTCAGC CAACGAGTAA TTTATTGTTT T-TCCTCGTA TTTAAA-TAT 1150 
i M I I I M I I I I I I I I I I I I I I I.I I I I I I I I I I I I I I I I 
AGCCCTCAGC CATGAAATAA CTTATTGTTT TGTTCTTATA TTTAAAGTAT 1051 



25 



TAAATATGTT AGCA/.AGAGT TAATATA TAGAAGGGT- ACCTTGAACA 1196 

MINI I I I I I I I I I I I I I I I I I I I I I I I I I III ill 
TAAATAGCTT AGCAAAGAGT TAATAATATA TGGAAGAATG GGCTGTTACA 1101 



30 



CT GGGGGAG GG GACATTGA 1215 

II I I I I I I I I I I M I I I 

CTCAAGGTGA TGTGTAGTGA ATGGGGGGAG GGTGGTGGGT TTGTCACTGA 1151 



35 



ACAAGTTGTT TCATTGACTA TCAAACT-GA AGCCAGAAAT AAAGTTGGTG 12 64 
MM I M I M I I I I I I I i I I I I I I I I I I I II I I I I I I I I I I I 
ACAAACT-TT TCATTGACTG TCAAACTAGA AACCGGAAAT AAAGATGGTG 1200 



40 



ACAGATAAAA 
M M I M M I 
ACAGATAAAA 



AA 
I I 
AA 



1276 



1212 
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IL-13 has a m m K»t, • oeiow). Another form of human 

f« i« la ia> m m n£ MA la; ™ CYS m, GLi 15 

GlYPHESLASERPEOGUPBOVSLHOPKOSER 

***** * 

25 «P<^™R_r,o^<^^^^^^^^^ 



ASM LEU IHR ALA GLY MET TVR rvc jitt> 7>t, 

^ * ^""^-^ ™ CYS ALA ALA lEU GLD SER LEU HE 71 

»SN VH. CYS SER lu; LYS THR Gm H« «r U» 86 

SER OY HE CYS PRO HIS m VH. SEf, SIA aYIPHE a, SER I« 101 
40 =S^''I»CYS«K««.YS«APK,™«^^^4^^^ 

HIS VM. «SP Tm a» m cm p„E m lYs ASP 116 

* * * 



45 PRO 



— ASP TOR LYS ILE GUJ VAL ALA HIS PHE ILE IHR LYS 117 



If^ m; lEU HIS LYS LYS la; PHE ARG GLU GLY ARG PHE ASM 131 
50 ^I^SERTYRm.LYSGmLEUP;:A;3HISG^YPROpi-i3i 
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The amino acid sequence of the other form of human IL-13 
mentioned in the legend to Table 3 is defined in the Sequence 
Usting by SEQ ID NO: 2. 

As used herein, the term "IL-13" describes a protein 
5 comprising a protein or peptide segment having the amino acid 

sequence shown in Table 1, or a fragment thereof. It also refers to a 
polypeptide which functionally affects cells or subcellular 
components in a manner similar to the IL-13 allele whose sequence 
is provided. It also encompasses allelic and other variants, e.g., 

10 metabolic, of the protein described. Typically, it will bind to its 
corresponding biological receptor with high affinity, e.g., at least 
about 100 nM, usually better than about 30 nM, preferably better 
than, about 10 nM, and more preferably at better than about 3 nM. 
The term shall also be used herein to refer to related naturally 

15 occurring forms, e.g., allelic and metabolic variants of the human 
protein. 

This invention also encompasses proteins or peptides having 
substantial amino acid sequence homology with the amino acid 
sequence in Table 1, but excluding any protein or peptide which 
20 exhibits substantially the same or lesser amino acid sequence 

homology than does the corresponding P600 protein found in the 
mouse. 

A polypeptide "fragment", or "segment", is a stretch of amino 
acid residues of at least about 8 amino acids, generally at least 10 

25 amino acids, more generally at least 12 amino acids, often at least 14 
amino acids, more often at least 16 amino acids, typically at least 18 
amino acids, more typically at least 20 amino acids, usually at least 
22 amino acids, more usually at least 24 amino acids, preferably at 
least 26 amino acids, more preferably at least 28 amino acids, and, 

30 in particularly preferred embodiments, at least about 30 or more 
amino acids. Sequences of segments of different proteins can be 
compared to one another over appropriate length stretches. 

Amino acid sequence homology, or sequence identity, is 
determined by optimizing residue matches, if necessary, by 

35 introducing gaps as required. See, e.g., Needleham et ai, J. Mol Biol 
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^5:443 (1970): Sankoff et al.. chapter one in Time Warps, String 
Edits, and Macromolecules: The Theory and Practice of Sequence 
Comparsion, 1983. Addison-Wesley. Reading. MA; and software 
packages from IntelliGenetics, Mountain View. CA- and the 
5 University of Wisconsin Genetics Computer Group. Madison. WI. Hiis 
changes when considering conservative substitutions as matches 

Conservative substitutions typically include substitutions 
withm the following groups: glycine, alanine; valine, isoleucine 
leucine; aspartic acid, glutamic acid; asparagine, glutamine; serine 
10 threonine; lysine, arginine; and phenylalanine, tyrosine. Homologous 
ammo acid sequences are intended to include natural allelic 
vanauons in the provided sequence. Typical homologous proteins or 
peptides will have from 50-100% homology (if gaps can be 
introduced), to 60-100% homology (if conservative substitutions are 
15 included) with an amino acid sequence segment of Table 1 

Homology will be at least about 50%, generally at least 58% 
more generally at least 63%, often at least 69%, more often at least 
75%. typically at least 81%. more typically at least 86%. usually at 
least 90%. more usually at least 93%. preferably at least 95%. and 
20 more preferably at least 97%. and in particolariy preferred 

embodiments, at least 98% or more. The degree of homology wiU 
vary with the length of the compared segments. Homologous 
proteins or peptides, such as the allelic variants, will share most 
biological activities with the embodiment described in Table 1 
25 As used herein, the term "biological activity" is used to 

describe, without limitation, inducing characteristic cell stimulation 
Ig production, cellular differentiation, or cell viability functions or ' 
more structural propenies as receptor binding and cross-reactivity 
with antibodies raised against the same or an aUelic variant of the 
30 described human IL-13. 

The terms ligand. agonist, antagonist, and analog include 
nriolecules that modulate the characteristic cellular responses to 
IL.13 or IL-13-like proteins, as well as molecules possessing the 
more standard structural binding competition features of ligand- 
35 receptor interactions, e.g.. where the receptor is a natural receptor 
or an antibody. The ceUular responses likely are mediated through 
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binding of IL-13 to cellular receptors. Also, a ligand is a molecule 
which serves either as a natural ligand to which said receptor, or an 
analogue thereof, binds, or a molecule which is a functional analogue 
of the natural ligand. 
5 The functional analogue may be a ligand with structural 

modifications, or may be a wholly unrelated molecule which has a 
molecular shape which interacts with the appropriate ligand binding 
determinants. The ligands may serve as agonists or antagonists, see, 
e.g., Goodman et aL, Eds., The Pharmacological Bases of Therapeutics, 
10 1990, Pergamon Press, New York. 

II. Activities 

• The human IL-13 protein has a number of different biological 
activities. The human IL-13 is homologous to the mouse P600 
protein, but has structural differences. For example, the human 

15 IL-13 gene coding sequence has only about 50% homology with the 
nucleotide coding sequence of mouse P600. At the amino acid level, 
there is about 66% identity. 

The mouse P600 molecule had rather minimally defined 
biological activities. In particular, it has the ability to stimulate 

20 undifferentiated mouse bone marrow cells to undergo early stages 
of differentiation. The mouse P600 protein appears to activate both 
mouse cells and human cells in this assay. 

The present disclosure also describes new activities which 
have been discovered using the mouse P600 molecule. The 

25 difference in structure between the human IL-13 and the 

homologous mouse P600 protein introduce some uncertainty about 
whether the two proteins will have identical functional properties. 
However, the handful of identified activities appear to be shared 
between the homologues. It is likely that many of the activities of 

30 mouse P600 on mouse cells or human cells will also apply to the 

human IL-13. In fact, the cross species activities indicate that many 
structural features are not critical in the function of the molocules. 

In particular, the human IL-i3 exhibits a number of identified 
activities when provided to human cells. The Examples section 
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below d«cnbe. procedure u.ed ,o s.udy tbc effecu of h«m» 
n.-I3 .„ cell ,,abili,y. ™„rph„,og,, p„,i,e™i„„, „a 
AffettManon. I„ panicular, taman IL-13 affects B cells PBMC 
»d .lac^phages. 0» B «ns. tte cyoldne affec,s proli ^0^' 

^"ol" " T'™*" ^* ^--^^ "bill.,, 

affects samval; causes modificatioi. of Ig stnface marlcers has 

effects sp^tfically o„ CIMO; and affects ,gE switching ' 

On PBMC or macrophages, it induces morphological changes 
causes changes of cell surface markers, affects nitric oxMe 
10 p^^lncnon. affects IL->„ and ,L.6 expression, anTaff^c, antihod, 
dependent cell-ntediated cytotoxicity (ADCC,. * ' 

strntlanty between IL.4 and IL-13 leads to antagonists of IL 3 
whose structures are based upon similar antagonists of mj 

charactenzed by corresponding disfunctions. See, e.g Merck 
Manual, or Paul, Fmdamemal Immunology. 

A. a^iis 

20 costimilrir T'r^- """-^ •<> or 

.oliferation of these cellk^Zevrr .rC: r 
acnvated mouse B cells may contain some monocyL and ceUs 

="„-t r- 

smnju«es «,e B cells. eiUter direcdy or indirectly, alone^ ^ 

r^rirr" — 

^' Sustained Siirvival nf R r-.n. , SeWrivity 
30 IL-13 enhanced the DNA synthesis of B cells activated throueh 
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course of the effect was also different from IL-2 and IL-4. 
Similarly, B cells activated through their CD40 receptor were also 
affected, again in a dose dependent manner, and comparable to IL-4 
and E--10 effects. The kinetics of the effects exhibited a different 
5 time course from IL-4 or IL-10 responses. The combination of 

IL-10 and IL-13 exhibited additive effects, but IL-13 did not appear 
to increase any IL-4 effects. This suggested, with other data, that 
these two cytokines may share some components in signal 
transduction, though other data show some independence of effects. 
10 More specifically, IL-13 induced expression of various Ig's, 

particularly IgE. The target cell population for IL-13 also appears 
more restricted than for IL-4. Thus, although IL-4 and IL-13 share 
many biological properties, their signal transduction pathways are 
physiologially and mechanistically distinguishable. 

15 3. Modification of Ig Production 

B cells activated by B21 T cell clone, their membranes, or anti- 
CD40 appear to exhibit modified Ig production patterns after 
exposure to mouse P600 or human IL-13. The levels of production 
of various Ig molecule subtypes when human IL-13 is co- 

20 administered to B cells with an inducing agent, e.g., activated B21 T 
cells, membranes from activated B21 T cells, or anti-CD40 antibodies 
were increased, particularly IgE. The changes in Ig production are 
suggestive of accelerated differentiation including IgG4 and/or IgE 
class switching. Both possibilities are consistent with a 

25 differentiation effect caused by mouse P600 or human IL-13. 

A similar induction of IgE and IgG4 synthesis by IL-13 was 
observed when B cells were stimulated with CD40-L, as described 
below. 

4. Effects on CD40-media ted B Cell Proliferatinn anH 
30 Differentiation 

The effects of anti-CD40 antibody or CD40 ligand on B cell 
proliferation were enhanced in the presence of either IL-4 or IL-13. 
Both cytokines had comparable effects in spite of their significant 
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I 11. ettects. The effects on IgE suggest that IL-13 
contnbmes to IgE production and is an impoLt fac o in 
controlhng IgE mediated allergic reactions 

5. leE Swif rhinp 

memteMes. IL-I3-,nd»ced IgG4 and IgE sy„,h«is was IL-4. 
.ndependen.. s,n« i, no, affected by neuTalizing anti IL 4 

not a selective outgrowth of committed B cells 

no J'neir^,:??" '»<' 

partways n.ay J tavltl .0?"°"' ^'«^»« 

. . invoivea. ihis notion is supponed bv the 

PBMC and M^^^^p^^j.^.- 
^- ln<iPCtion of Momholof,^..! nu^^,^^ 

The mouse P600 also induced moiphological changes in 
adherent human peripheral blood mononuclear cells T Led 
ecus exhibited significantly different tnorphCogy and ^1^^ 
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small cells. The generic cells rounded up, and there was evidence of 
clonal proliferation, observations which were consistent with 
induction of cell proliferation. 

2. Modification of Cell Surface Markers 

5 Mouse P600 induced significant changes in the cell surface 

markers of adherent cells from peripheral blood. These adherent 
cells were mostly monocytes, e.g., macrophage precursors, but also 
included more differentiated cell types, dendritic cells, and some B 
cells. 

10 Many of the cell surface makers on these adherent cells were 

up regulated or down regulated, or their dispersion in expression 
level changed. The following markers tended to increase on a per 
cell basis: CDUb, CDUc, class II MHC (as measured by binding of 
monoclonal antibodies Q5/13 or PdV5.2), CD 23, and CD18. In 

15 contrast, per cell expression of the following decreased: CD32, CD16, 
IL-2Ra, and CD14. The homogeneity of per cell expression changed 
for CD32, and CD14. There was no change for CDlla, CD54, and 
CDS 8. Although in one case there was no change for CD44 and class 
I MHC, other experiments indicated increases in expression levels. 

20 These changes in expression level were detectable also at 10 

days, and in certain cases exhibited a more dramatic shift, whereas 
others showed a lesser shift. Depending on subsets of cells, some 
features may have been lost by ten days. 

In spite of the sequence divergence of the mouse P600 and the 

25 human IL-13, the two molecules seemed to cause similar changes in 
the adherent human cells. It is likely that activities found for one of 
the molecules will be found also by the other. In addition, the 
molecules appeared to exhibit cross-species activities, e.g., the 
mouse P600 was active on human cells, and the human IL-13 was 

30 active on mouse cells. 
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3- Nitric Oxide SvnrhAc» 



5 



effect Vif^^r^^ '"'^"^ -Wbitiory 
effect on the production of nitric oxide (NO) by GM-CSF-derived 
bo. .a.ow macrophages. induced producl'^re 

or IL-13 inhibited NO production. 



. ^""^ ^^'^^ ^""^"^^ ^'^^ production of IL-la IL-6 IL in 

10 hlr °" LPS activated 

10 human monocytes were independent of IL-10 since IL 4 and T. i. 

.nh,bned the production of IL-,a, IL-6. and i^t 

of neutralizing anti-IL-10 mAb 19F1. 

15 mnnn ^^'^^ !"f significant changes in the phenotype of 

^^lo, K,uzv, Q,D49e (VLA-5), class II MHC CDH anH rnoa u 
dc««^ U« expression of CDH CB32, CdJ^ a„d CDM Tte"^ " 

manner. IL-.3 induced npregulatfon of Cass 11 MHC 
anagens M,d i« downregnlatory effect on CD64. CD32 and ^^6 
20 expression were prevenled by IL-IO 

IFN-r could also partially prevent the a-I3 induced 
do„„eg„lati,>„ of CD64, but no. that of CD32 and CD16. However 

antrbody dependent cell-n,edia,ed cytotoxicity (ADCC) aetivTv o^ 
:5 human ntonoeytes toward anti-lgD coated Rh^ eryt^;,"? 
'ZTZTI- ^TT ™"ocyte7was ^ri'bited. 
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C. IL-4 Ant agonist: Interactions 

Observations that the hIL-4.Y124D antagonist competitively 
inhibited the biological action on TF-1 cells of both hIL.4 and IL-13 
demonstrated a relationship between IL-4R and IL-13R. The ability 
5 of mIL-13 to compete for ll25.hiL-4 binding to TF-1 cells 

confirmed the commonalty of IL-4R and IL-13R. This relatedness 
may also have been expected from the similar biological responses 
known to be elicited by hIL-4 and IL-13, and perhaps from the 
close linkage of the IL-4 and IL-13 genes in both humans and mice. 
10 See, e.g., Morgan et al. Nucleic Acids Res. 20:5173 (1992), and other 
experiments herein. A straightforward explanation of the above 
observations would be that IL-4 and IL-13 act through the same 
receptor. 

D. Biological Relevance 

15 The mouse P600 protein can sustain or promxne the 

proliferation of large in vivo activated B cells. As such, the factor 
appears to be either a stimulatory or costimulatory factor useful in 
promoting activated B cell growth. Human IL-13 is therefore ~ 
expected to be a useful factor in circumstances where activated B 

20 cell growth is desired. 

These include genetic, developmental, or acquired immune 
system deficiencies, e.g., congenital aglobulinemias, immature 
infants, or chemotherapy patients. In vitro experiments would be 
performed to determine what effects IL-13 possesses. In particular, 

25 dose response relationships for various immunological assays will be 
tested with the compositions of this invention. See, e.g., Coligan et a/.. 
Current Protocols in Immunology, 1991, Greene/Wiley, New York. 

Regarding the proliferative response, mouse P600 induces 
changes in morphology of the monocyte cells. The monocyte cells 

30 consist primarily of macrophage precursors, and similar results 
should apply to monocyte equivalents found in organs or tissues 
other than the peripheral blood, e.g., the aveolar, intraperitoneal, or 
spleen/lymph macrophage precursors. The IL-13 or antagonist, e.g., 
antibody or IL-4 antagonist, would be indicated for conditions 
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Where regulation of localized or systemic immune responses is 
desired and appropriate. The effects on class II MHC are especially 
relevant in these contexts. 

Besides a growth factor/cofactor activity, human IL-13 also 
5 affects differentiation of various cells of the immune system For 
instance, in activated B cells, it accelerates or promotes the 
differentiation of Ig producing cells. It induces the B cells to 
produce Ig molecules characteristic of later or faster differentiation 
As such, the human IL-13 and mouse P600 appear to be a 
10 differentiation factor for B cells. 

Thus. Ig production should be regulatable by IL-13, alone or in 
combination with other factors. Agonists and antagonists, when 
provided in appropriate amounts and schedules, will be useful in 
seating or controlling abnormal B cell conditions, or to accelerate or 
decelerate B cell differentiation when appropriate. 

Peripheral blood monocytes are also sensitive to the presence 
of botii human IL-13 and mouse P600. These cells, consisting 
pnmarily of macrophage precursors and more differentiated cell 
types, exhibit both a proliferative response and a differentiation 
20 response. 

In one context, IL-4 is appropriate in antitumor situations, e g 
to stimulate an endogenous response to counter the tumor- IL-13 
should also be a useful therapeutic. In a different context of 
I^ohferative disorder, after radiotherapy or chemotherapy, where 
the immune funtion is typically compromised. IL-13 would be 
useful to restore function by promoting recovery and differentiation 
of the remaining immune function. See. e.g.. MoUer (ed). "Fc 
Receptors" in Immunological Reviews 125:1 (1992). Similar 
problems exist in transplantation contexts, as well as in other 
genetic or developmental immunodeficiencies, e.g.. in newborn 
infants. See, e.g.. Baker et al, N. Eng. J. Med. 327:213 (1992) 

In fact, the role of IL-13 in promoting restoration of immune 
funcuon under these circumstances is supported by the cell marker 
changes observed. With respect to cell marker differentiation, the 
general trend is that the class U MHC markers are affected Also 
CD23 is affected. Tht effects on class U MHC markers indicate that 
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systemic responsiveness to infections can be modulated with IL-13 
or mouse P600, or agonists or antagonists thereof. 

The observed decreases in CD32 and CD 16 indicated a lowered 
receptor for IgG Fc, which would be correlated with a lessened 
5 response to infections. If so, an IL-13 antagonist, or mouse P600 
antagonist, would be useful in stimulating an immunoglobulin- 
mediated response. This antagonistic activity could lead to 
increased Fey receptor expression and functional increase in 
opsonization and clearance of infective particles. 

10 Antagonists to IL-13, e.g., antibodies or IL-4 antagonist, would 

be indicated for modulating B cell growth and proliferation, perhaps 
reflecting excessive humoral responses. Various autoimmune 
conditions or hyperimmunoglobulinemias should respond to 
treatment with appropriate amounts of antagonists administered 

15 over defined schedules. IL-4 antagonist will be a preferred 
antagonist for IL-13 effects. 

IL-13 mediates changes in CDll marker expression, which are 
associated with cell adhesion, e.g., cell-cell contacts, Thus, increasing 
CDll should facilitate cellular interaction and the functional results 

20 therefrom. See also Springer et aL, Leukocyte Adhesion Molecules, 
1988, Springer-Verlag, New York. 

Like IL-4, IL-13 induces IgG4 and IgE switching and IgG4 and 
IgE synthesis. IgE antibodies are major mediators of allergic 
reactions. Allergen-specific antibodies of the IgE isotype have the 

25 specific ability to bind to high affinity Fc receptors for IgE (FceRI) on 
mast cells and basophils. Binding of the relevant allergen to these 
receptor-bound IgE antibodies results in cross-linking of the 
receptor and activation of the mast cells and basophils. This results 
in degranulation of these cells and the release of mediators of 

30 allergic reactions such as histamine, prostaglandins and proteases, 
which cause immediate-type hypersensitivity reactions in the 
various target organs, e.g., nose airways, lungs, gut and skin. 

In addition, IL-13 like IL-4 induces the expression of the low 
affinity receptor for IgE (FceRII, or CD23) on B cells and monocytes, 

35 and the subsequent release of a soluble form of CD23. Soluble CD23 
enhances the production of IgE [see, e.g., Pene et aL, Eur. J. Immunol 
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18:929 (1988); Aubry et al.. Nature 358:505 (1992)] Therefore 

or inhibit IgE-mediated allergic diseases. IL-4 and/or IL-13 
antagonists such as antibodies, or IL-4 mutant proteins like Y124D 
' or similar mutant IL-13 proteins that compete for IL-4^L-r3 
«ceptor binding, would be useful for blocking IgE productiol 

IIL Nucleii;^ Af>irfc 

This invention contemplates use of isolated nucleic acid or 
fragments which encode this or a closely related protein or 
fragments thereof, to encode a biologically active co™;„n«Hi 
polypeptide. I„ addition, this invention LTL ZT 

™.k . , . '■ytodizing, under appropriate conditions 

with a nucleic acid sequence segnKw shown in "i-able 1 

le„,.h " P»lypeP«ide can be a M 

protetn. or fragntent. and wiU .^ically Have a segtnen. <^ 

FurAer, .nventton covers the nse of isolated or recombinant 
»"cle.c acd or fragments thereof, which enc«.e proteirhavtao 
f^ag^ents which homologous to the disclosed Ll3 1,1 The 

rr, 3. «gu,a.orr:e" 

Mgnais. and others from the natural gene 

An "isolated- nucleic acid is a nucleic «:id, e.g., an RNA DNA or 
am„^ polymer, which is substanUally pure, e.g! sep^«, fr^" 

st rT"" "'"^^'"y • -iv'sequencr 

froti 1" "o'"™- »»<' """king genomic se,„ence 

from ««, ongmanng species. The tenn embraces a nucleic acid 
Cuence which has been removed fr«n i,s na«tra.ly ZJ^^ 
envtronment. and includes recombin^,, or cloned DNA isol«es 
whtch are thereby distinguishable from naturally occ J"' 
composmons. and chemically synth«ized analogues or an^ogu^ 
hologtcally synthesized by heterologous systems. A s.bs,a^f,^y 
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pure molecule includes isolated forms of the molecule, either 
completely or substantially pure. 

An isolated nucleic acid will generally be a homogeneous 
composition of molecules, but will, in some embodiments, contain 
5 heterogeneity, preferably minor. This heterogeneity is typically 
found at the polymer ends or portions not critical to a desired 
biological function or activity. 

A "recombinant" nucleic acid is defined either by its method of 
production or its structure. In reference to its method of production, 

10 e.g., a product made by a process, the process is use of recombinant 
nucleic acid techniques, e.g., involving human intervention in the 
nucleotide sequence. Typically this intervention involves in vitro 
manipulation, although under certain circumstances it may involve 
more classical animal breeding techniques. 

15 Alternatively, it can be a nucleic acid made by generating a 

sequence comprising fusion of two fragments which are not 
naturally contiguous to each other, but is meant to~exclude products 
of nature, e.g., naturally occurring mutants as found in their natural 
state. Thus, for example, products made by transforming cells with 

20 any unnaturally occurring vector is encompassed, as are nucleic ^ 
acids comprising sequence derived using any synthetic 
oligonucleotide process. Such a process is often done to replace a 
codon with a redundant codon encoding the same or a conservative 
amino acid, while typically introducing or removing a restriction 

25 enzyme sequence recognition site. 

In still another alternative, the process is performed to join 
together nucleic acid segments of desired functions to generate a 
single genetic entity comprising a desired combination of functions 
not found in the commonly available natural forms, e.g., encoding a 

30 fusion protein. Restriction enzyme recognition sites are often the 
target of such artificial manipulations, but other site specific targets, 
e.g., promoters, DNA replication sites, regulation sequences, control 
sequences, or other useful features may be incorporated by design. 
A similar concept is intended for a recombinant, e.g., fusion, 

35 polypeptide. Specifically included are synthetic nucleic acids which, 
by genetic code? redundancy, encode similar polypeptides to 



BNSDOCID: <WO 94O4680Al_L> 



wo 94/04680 



26 



PCr/US93/07645 



10 



15 



20 



25 



30 



35 



fragments of the interleukins, and fusions of sequences from various 
different tmerleukin or related molecules, e.g., growth factors. 

nf « f r""'" ' ""'''^''^ « contiguous segment 

of at least about 17 nucleotides, generally at least 20 nucleotides 
' more generally at least 23 nucleotides, ordinarily at least 26 ' 
nuc eotides, more ordinarily at least 29 nucleotides, often at least 32 
nucleotides, more often at least 35 nucleotides, typically at least 38 
nucleotides more typically at least 41 nucleotides, usually at leas 

1^50 T " ''''' P-'-'>'y a 

1^ 50 nucleotides, more preferably at least 53 nucleotides, and in 

panicularly preferred embodiments will be at least 56 or more 

nucl^Udes. Typically, fragments of different genetic sequences can 

be compared to one another over appropriate length stretches 

A nucleic acid which codes for an IL-13 will be particularly 

^e ul to Identify genes. mRNA. and cDNA species which code for the 

n.- 3 or closely related proteins, as well as DNAs which code for 

PrefL? r T'"' individuals. 
Preferred probes for such screens are those regions of the 

interleokin which are conserved between different allelic variants 

"lele s2t ^^^^'^ "-'^ - o^,.r situation 

allele specific sequences will be more useful. 

This invention further covers recombinant nucleic acid 

or highly homologous to the isolated DNA set forth herein In 
panicular. the sequences will often be operably linked to DNA 
segments which control transcription, translation, and DNA 

of the desired nucleic acid segment. 

.nnth """"tT' """^^^^^ ""^^ ^<""P»^^d to one 

another or Table 1 sequences, exhibit significant similarity. The 
standards for homology in nucleic acids are either measures for 
homology generally used in the art by sequence comparison or 
based upon hybridization conditions. Comparative hybridization 
conditions are described in greater detail below. 

-Substantial homology" in the nucleic acid sequence 
comparison context means either that the segments, or their 
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complementary strands, when compared, are identical when 
optimally aligned, with appropriate nucleotide insenions or 
deletions, in at least about 60% of the nucleotides, generally at least 
66%. ordinarily at least 71%, often at least 76%, more often at least 
5 80%, usually at least 84%, more usually at least 88%, typically at 
least 91%, more typically at least about 93%, preferably at least 
about 95%, more preferably at least about 96 to 98% or more, and in 
particular embodiments, as high at about 99% or more of the 
nucleotides. 

10 Alternatively, substantial homology exists when the segments 

will hybridize under selective hybridization conditions, to a strand 
or its complement, typically using a sequence derived from Table 1. 
Typically, selective hybridization will occur when there is at least 
about 55% homology over a stretch of at least about 14 nucleotides, 

15 more typically at least about 65%, preferably at least about 75%, and 
more preferably at least about 90%. See, Kanehisa, Nucleic Acids 
Res, 72:203 (1984). 

The length of homology comparison, as described, may be over 
longer stretches, and in certain embodiments will be over a stretch 

20 of at least about 17 nucleotides, generally at least about 20 

nucleotides, ordinarily at least about 24 nucleotides, usually at least 
about 28 nucleotides, typically at least about 32 nucleotides, more 
typically at least about 40 nucleotides, preferably at least about 50 
nucleotides, and more preferably at least about 75 to 100 or more 

25 nucleotides. 

Stringent conditions, in referring to homology in the 
hybridization context, will be stringent combined conditions of salt, 
temperature, organic solvents, and other parameters typically 
controlled in hybridization reactions. Stringent temperature 

30 conditions will usually include temperatures in excess of about 30*^C, 
more usually in excess of about 37**C, typically in excess of about 
45**C» more typically in excess of about 55*^0, preferably in excess of 
about 65**C, and more preferably in excess of about 70^C. Stringent 
salt conditions will ordinarily be less than about 1000 mM, usually 

35 less than about 500 mM, more usually less than about 400 mM, 
typically* less than about 300 mM, preferably less than about 200 
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mM iu,d more preferably less .han abou, 150 .^M. However. U,e 
combraanon of parameBrs is much more imporum to ,he 

5 The isolated DNA can be readily modified by nucleotide 

subsntunons nucleotide deletions, nucleotide insertions, 

novel DNA sequences which encode U,is prolein. its derivatives or 

10 uZZ r sequences I 'be 

10 used to produce mutan, proteins (muteins) or to enhance .he 

expression of variant species. Enhanced expression may involve 

frotri" f "■ '-eased translation, 

and other raechantsms. Such mut«,t IL-I3 derivatives include 

o.h.J*'"!^';,' """" "compasses a polypeptide 

IT /r^f ^ * """^ "° ^"'»« "Wrt differs 

20 ! » ""ether by way of 

rra L « P'O^.in having substantial homology 

a"nvitierr?h r !. '' '^""^ 
aclivines of the form disclosed herein. 

Although site specific mutation sites are predetermined 
25 mutants need not be site soecific H..m.» n ./ 

arhi,^^ K . ■ specitic. Human IL-13 mutagenesis can be 

achieved by making amino acid insertions or deletions in the gene 

ec»nbma.i«is may be generated ,o arrive at a final construct. 
In enions include amino- or carboxy- terminal fusions. Random 

hlarr:,"" « • »<" "-e expresL 

MeTh^, ; "T" desired „tivit,. 

Mettods for making substiimion mutations at predetermined si J 
m DNA having a known sequence are well known in the an. e.g by 
M13 pnmer mutagenesis. See also Sambrook « (1989) and 
15 Ausnbel « al. (1987 «id periodic Supplements). 
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The mutations in the DNA normally should not place coding 
sequences out of reading frames and preferably will not create 
complementary regions that could hybridize to produce secondary 
mRNA structure such as loops or hairpins. 
5 The phosphoramidite method described by Beaucage et aL, 

Tetra. Letts. 22:1859 (1981), will produce suitable synthetic DNA 
fragments. A double stranded fragment will often be obtained 
either by synthesizing the complementary strand and annealing the 
strand together under appropriate conditions or by adding the 

10 complementary strand using DNA polymerase with an appropriate 
primer sequence. 

Polymerase chain reaction (PGR) techniques can often be 
applied in mutagenesis. Alternatively, mutagenisis primers are 
commonly used methods for generating defined mutations 'at 

1 5 predetermined sites . 

rV. Proteins^ Peptides 

As described above, the present invention encompasses the 
human IL-13 whose sequence is disclosed in Table I and described 
above. Allelic and other variants are also contemplated. 

20 "Substantially pure", in the polypeptide context, typically 

means that the protein is free from other contaminating proteins, 
nucleic acids, and other biologicals derived from the original source 
organism. Purity may be assayed by standard methods, and will 
ordinarily be at least about 40% pure, more ordinarily at least about 

25 50% pure, generally at least about 60% pure, more generally at least 
about 70% pure, often at least about 75% pure, more often at least 
about 80% pure, typically at least about 85% pure, more typically at 
least about 90% pure, preferably at least about 95% pure, more 
preferably at least about 98% pure, and in most preferred 

30 embodiments, at least 99% pure. The analysis may be weight or 
molar percentages, evaluated, e.g., by gel staining, 
spectrophotometry* or terminus labelling. 

The present invention also provides recombinant proteins, e.g., 
heterologous fusion proteins using segments from this human 



BNSCXXJD: <WO 94046eOAVI_> 



wo 94/04680 



30 



PCT/US93/07645 



15 



20 



25 



30 



35 



«gme»B wtach a« «,„ra)ly .formally fused in L sal 

inlerleutan .s a connnnous protein molecule having sequences f..^^ 

produc and exh.b.fng properties derived from each source peptide 
A concep. applies .o hcerologous nucleic acid s«,.e„~ 

Similar fult "; """""^ '<»''™"i 

proiem may mclude a urge«ing domain which may ser^e ,o 
prov,de seques-ering o, .he fusion p™.ei„ ,„ > par^e«ir„g.„ eg 

would serve to accumulate in the spleen. 

Candidate fusion partners and sequences can be selected fr^ 
vanous s«,ue„ce data bases. e.g., GenBank, c/o InteUiGent^c 
M^n View. CA: and BCG. University of Wisconsi^^ Bio^^gy 
Computing Group. Madison, WI. ™»cnnoiogy 

"Derivadves" of the human IL-IS imdude amino acid sequence 
-tants. glycosylation variants, metabolic derivatives and co^Z 
or aggregattve conjugates with other chemical moiedes. Covin' 

C. ten^. e.g.. ^^ans-t^^h—^rCnt^^^^^^^^ ''^^^ " 
.oiKles of tbe cart»xyl tenninus. or <,f residues containing carboxyl 
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side chains, O-acyl derivatives of hydroxyl group-containing 
residues, and N-acyl derivatives of the amino terminal amino acid or 
amino-group containing residues, e.g., lysine or arginine. Acyl 
groups are selected from the group of alkyl-moieties including C3 to 
5 C18 normal alkyl, thereby forming alkanoyl aroyl species. 

In particular, glycosylation alterations are included, e.g., made 
by modifying the glycosylation patterns of a polypeptide during its 
synthesis and processing, or in further processing steps. Particularly 
preferred means for accomplishing this are by exposing the 

10 polypeptide to glycosylating enzymes derived from cells which 
normally provide such processing, e.g., mammalian glycosylation 
enzymes. Deglycosylation enzymes are also contemplated. Also 
embraced are versions of the same primary amino acid sequence 
which have other minor modifications, including phosphorylated 

15 amino acid residues, e.g., phosphotyrosine, phosphoserine, or 
phosphothreonine. 

A major group of derivatives are covalent conjugates of the 
interleukin or fragments thereof with other proteins of 
polypeptides. These derivatives can be synthesized in recombinant 

20 culture such as N- or C-terminal fusions or by the use of agents 
known in the art for their usefulness in cross-linking proteins 
through reactive side groups. Preferred derivatization sites with 
cross-linking agents are at free amino groups, carbohydrate 
moieties, and cysteine residues. 

25 Fusion polypeptides between the interleukin and other 

homologous or heterologous proteins are also provided. Homologous 
polypeptides may be fusions between different growth factors, 
resulting in, for instance, a hybrid protein exhibiting ligand 
specificity for multiple different receptors, or a ligand which may 

30 have broadened or weakened specificity of binding to its receptor. 
Likewise, heterologous fusions may be constructed which would 
exhibit a combination of properties or activities of the derivative 
proteins. 

Typical examples are fusions of a reporter polypeptide, e.g., 
35 luciferase, with a segment or domain of a receptor, e.g., a ligand- 
binding segment, so that the presence or location of a desired ligand 
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n,,y be«s„, d«en™„ed Sec. e.g., D„„ « us. Pa,e„, No. 

WBSferase (GST), bacienal B-sakctosidase, trpE, Proiein A 6 
h^ma^e. „ph, ,„,„^. deMrogeHTse and Teat ip^a 

5 maong factor. Sec, eg.. God.w*i « sc,«„ 2^;.., J 

The phosphoramidile method described by Beaucage « j' 
r««. 22:,859 (.981), win produce suiJbJc ^^^ ml 

10 Id 11 -"•P'™-«'y »"a»d and anneatog ,he 

10 strand togetiter under appropriate conditions or by adding the 

rr-""" - a^Ha.e 

Such polypeptides „ay also have atnino acid residues which 

J^l^mng reagents, or serve as purification targets, e.g., ,m.ity 

nuc.eic''"a!id Zfd' '^''•"^ "y either recombinant 

T«hlue, f ""^ polypeptide meU,ods. 

descnbed generally, for example, in Sambrook « al.. Molecular 

. P^!: t- T"" ""*>^ « <" ^tee 

Pcpude Syn,hes.s: A Pradcat Approack. .989, nu. Press, Oxf^T 

human IL-13 other than variations in amino acid sequence or 
g^ycosylauon. Such derivatives may involve cvalent tive 
associanon with chemical moieties. These derivatives geneX fall 
mto three classes: (.) salts C7\ rij. .i. • ^ generally fall 

coval«.t ^^ r ■ ' residue 

covaleu. modtHcauons, «,d (3) adsorpUon complexes, for ex«„ple 
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with cell membranes. Such covalent or aggregative derivatives are 
useful as immunogens, as reagents in immunoassays, or in 
purification methods such as for affinity purification of a receptor or 
other binding molecule, e.g., an antibody. 
5 For example, the human IL-13 ligand can be immobilized by 

covalent bonding to a solid support such as cyanogen bromide- 
activated Sepharose, by methods which are well known in the art, or 
adsorbed onto polyolefin surfaces, with or without glutaraldehyde 
cross-linking, for use in the assay or purification of IL-13 receptor, 
10 antibodies, or other similar molecules. The IL-13 can also be 

labelled with a detectable group, for example radioiodinated by the 
chloramine T procedure, covalently bound to rare earth chelates, or 
conjugated to another fluorescent moiety for use in diagnostic 
assays. 

15 The human IL-13 of this invention can be used as an 

immunogen for the production of antisera or antibodies specific for 
the interleukin or any fragments thereof. The purified interleukin 
can be used to screen monoclonal antibodies or antigen-binding 
fragments prepared by immunization with various forms of impure 

20 preparations containing the protein. In particular, the term ~ 
"antibodies" also encompasses antigen binding fragments of natural 
antibodies. The purified interleukin can also be used as a reagent to 
detect any antibodies generated in response to the presence of 
elevated levels of expression, or immunological disorders which lead 

25 to antibody production to the endogenous cytokine. 

Additionally, IL-13 fragments may also serve as immunogens 
to produce the antibodies of the present invention, as described 
immediately below. For example, this invention contemplates 
antibodies having binding affinity to or being raised against the 

30 amino acid sequence shown in Table 1, fragments thereof, or 
homologus peptides. In particular, this invention contemplates 
antibodies having binding affinity to, or having been raised against, 
specific fragments which are predicted to be, or actually are, 
exposed at the exterior protein surface of the native cytokine. 

35 The blocking of physiological response to these interleukins 

may result from the inhibition of binding of the ligand to the 
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receptor, likely through competitive inhibition. Thus, in vitro assays 
of the present invention wUl often use antibodies or ligand binding 
segments of these antibodies, or fragments attached to solid phase 
substrates. These assays will also allow for the diagnostic 
determination of the effects of either binding region mutations and 
modifications, or ligand mutations and modifications, e.g., ligand 
analogues. 

This invention also contemplates the use of competitive drug 
screening assays, e.g., where neutralizing antibodies to the 
interleukin or fragments compete with a test compound for binding 
to a receptor or antibody. In this manner, the neutralizing 
antibodies or fragments can be used to detect the presence of any 
polypeptide which shares one or more binding sites to a receptor 
and can also be used to occupy binding sites on a receptor that 
15 might otherwise bind an interleukin. 

V. Makinp TST ucleic AHHs and Pmt^^in 

DNA which encodes the protein or fragments thereof can be 
obtained by chemical synthesis, screening cDNA libraries, or by 
screening genomic libraries prepared from a wide variety of cell 
20 lines or tissue samples. Natural sequences can be isolated using 

standard methods and the sequences provided herein, e.g., in Table!. 

This DNA can be expressed in a wide variety of host cells for 
the synthesis of a full-length human interleukin or fragments which 
can m turn, for example, be used to generate polyclonal or 
25 monoclonal antibodies; for binding studies; for construction and 
expression of modified agonist/antagonist molecules; and for 
structure/function studies. Each variant or its fragments can be 
expressed in host cells that are transformed or transfected with 
appropriate expression vectors. These molecules can be 
30 substantially free of protein or cellular contaminants, other than 
those derived from the recombinant host, and therefore are 
particularly useful in pharmaceutical compositions when combined 
with a pharmaceutically acceptable carrier and/or diluent. The 
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human protein, or portions thereof, may be expressed as fusions 
with other proteins. 

Expression vectors are typically self-replicating DNA or RNA 
constructs containing the desired receptor gene or its fragments, 
5 usually operably linked to suitable genetic control elements that are 
recognized in a suitable host cell. These control elements are 
capable of effecting expression within a suitable host. The specific 
type of control elements necessary to effect expression will depend 
upon the eventual host cell used, 

10 Generally, the genetic control elements can include a 

prokaryotic promoter system or a eukaryotic promoter expression 
control system, and typically include a transcriptional promoter, an 
optional operator to control the onset of transcription, transcription 
enhancers to elevate the level of mRNA expression, a sequence that 

15 encodes a suitable ribosome binding site, and sequences that 
terminate transcription and translation. Expression vectors also 
usually contain an origin of replication that allows the vector to 
replicate independently of the host cell. 

The vectors of this invention include those which contain DNA 

20 which encodes a protein, as described, or a fragment thereof 

encoding a biologically active equivalent polypeptide. The DNA can 
be under the control of a viral promoter and can encode a selection 
marker. This invention further contemplates use of such expression 
vectors which are capable of expressing eukaryotic cDNA coding for 

25 such a protein in a prokaryotic or eukaryotic host, where the vector 
is compatible with the host and where the eukaryotic cDNA coding 
for the receptor is inserted into the vector such that growth of the 
host containing the vector expresses the cDNA in question. 

Usually, expression vectors are designed for stable replication 

30 in their host cells or for ampHHcation to greatly increase the total 
number of copies of the desirable gene per cell. It is not always 
necessary to require that an expression vector replicate in a host 
cell, e.g., it is possible to effect transient expression of the 
interleukin protein or its fragments in various hosts using vectors 

35 that do not contain a replication origin that is recognized by the host 
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cell. It is also possible to use vectors that cause integration of th. 

vectors, as used herein, comprise plasmids viruses 
bac.=„„pk,,e, i„.eg.3.,Me DNA fta^n^n's. and '02™ hides 

«*ich are or become, known i„ u>e an are suitable for use herein 
S« e.g Pouwels « a,.. Clonins Vecors: A Laboratory Mala7 L 
and Supplement. Elsevier. N.Y.; and Rodriquez e, cl (Jl^ Tjc,l 

been r^ed TLir ' « ^ 
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Suitable host cells include prokaryotes, lower eukaryotes, and 
higher eukaryotes. Prokaryotes include both gram negative and 
gram positive organisms, e.g., £. coli and B. subtilis. Lower 
eukaryotes include yeasts, e.g., S. cerevisiae and Pichia, and species 
5 of the genus Dictyostelium. Higher eukaryotes include established 
tissue culture cell lines from animal cells, both of non-mammalian 
origin, e.g., insect cells, and birds, and of mammalian origin, e.g., 
human, primates, and rodents. 

Prokaryotic host-vector systems include a wide variety of 

10 vectors for many different species. As used herein, E. coli and its 
vectors will be used generically to include equivalent vectors used 
in other prokaryotes. A representative vector for amplifying DNA is 
pBR322 or many of its derivatives. Vectors that can be used to 
express the receptor or its fragments include, but are not limited to, 

15 such vectors as those containing the lac promoter (pUC-series); trp 
promoter (pBR322-trp); Ipp promoter (the pIN-series); lambda-pP 
or pR promoters (pOTS); or hybrid promoters such as ptac (pDR540). 
See Brosius et aL, "Expression Vectors Employing Lambda-, trp-, lac-, 
and Ipp-derived Promoters", in Vectors: A Survey of Molecular 

20 Cloning Vectors and Their Uses, (eds. Rodriguez and Denhardt), 1988, 
Buttersworth, Boston, Chapter 10, pp. 205-236. 

Lower eukaryotes, e.g., yeasts and Dictyostelium, may be 
transformed with IL-13 sequence containing vectors. For purposes 
of this invention, the most common lower eukaryotic host is the 

25 baker's yeast, Saccharomyces cerevisiae. It will be used to 

generically represent lower eukaryotes although a number of other 
strains and species are also available. Yeast vectors typically consist 
of a replication origin (unless of the integrating type), a selection 
gene, a promoter, DNA encoding the receptor or its fragments, and 

30 sequences for translation termination, polyadenylation, and 
transcription termination. 

Suitable expression vectors for yeast include such constitutive 
promoters as 3-phosphoglycerate kinase and various other 
glycolytic enzyme gene promoters or such inducible promoters as 

35 the alcohol dehydrogenase 2 promoter or metallothionine promoter. 
Suitable vectors include derivatives of the following types: sclf- 
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replicadns low copy number (such as .he YRp-series) self- 

TCp.seri.s). " ^ (»"ch as J 

Higher eukaryoUc tissue culture cells arc normallv the 
prc/e^cd hos. cells for expression of fte functioLTy «it 
.u erleubu proteiu. ,„ ^ .uk^oJ^Zuc 

culnirc cell line is workable, e.g.. insect haculovij expret « 
systems, whether from an invertebrate or vertebrate 
However, matnmalian cells are preferred. Tra„sf„m,ati™^ 
^nsfectton and propagation of such cells has become a rouUne 
procedure. Examples of useful cell Itaes include HeU cells cL,^ 
hatmter ovary (CHO) ceU lines, baby rat kidney (BR^ ce I iin« 
■nsect cell lines, bird cell Bnes, and nK..key (COS) ceU ,il ' 

of CP, catton, a promoter, a translation initiation site, RNA ZZ 

( f genomtc DNA is used), a polyadenylation sit^. and a 
^ansotption termination site, fltesc vectors also us ally l,,i„ a 

-et rrZ -LLT r LL^l ~ 

p^s^rexpt^^^^^^^ 

Okayama « Mo,. CeU B,o,. 5:1,36 (1985); pMC..» kS^' 
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nni 'T'*** ^ °P"" frame usually encodes a 

7.^JV ^"'"""'""'^ ^ "8"^ peptide. The signal peptide is 
Cleaved pnor to secretion of the mature, or active, polypeptide The 
cleavage sue can be predicted witii a high degree of aSur^v frol 
ejnptnca, rules e.g.. von Heijne, NucleiAcJ^esear^Z /^^^^^^ 
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Science 243:1156 (1989); Kaiser et aL, Science 23 5 Ml imi^ 
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It will often be desired to express these polypeptides in a 
system which provides a specific or defined glycosylation pattern. 
In this case, the usual pattern will be that provided naturally by the 
expression system. However, the pattern will be modifiable by 
5 exposing the polypeptide, e.g., an unglycosylated form, to 

appropriate glycosylating proteins introduced into a heterologous 
expression system. For example, the interleukin gene may be co- 
transformed with one or more genes encoding mammalian or other 
glycosylating enzymes. Using this approach, certain mammalian 
10 glycosylation patterns will be achievable in prokaryote or other 
cells. 

The source of human IL-13 can be a eukaryotic or prokaryotic 
host expressing recombinant huIL-13 DNA, such as is described 
above. The source can also be a cell line such as mouse Swiss 3T3 
15 fibroblasts, but other mammalian cell lines are also contemplated by 
this invention, with the preferred cell line being from the human 
species. 

Now that the entire sequence is known, human IL-13, 
fragments, or derivatives thereof can be prepared by conventional 

20 processes for synthesizing peptides. These include processes such as 
are described in Stewart et al.. Solid Phase Peptide Synthesis, 1984, 
Pierce Chemical Co., Rockford, IL; Bodanszky et al., The Practice of 
Peptide Synthesis, 1984, Springer-Verlag, New York; and Bodanszky, 
The Principles of Peptide Synthesis, 1984, Springer-Verlag, New 

25 York. For example, an azide process, an acid chloride process, an 
acid anhydride process, a mixed anhydride process, an active ester 
process (for example, p-nitrophenyl ester, N-hydroxysuccinimide 
ester, or cyanomethyl ester), a carbodiimidazole process, an 
oxidative-reductive process, or a dicyclohexylcarbodiimide 

30 (DCCD)/additive process can be used. Solid phase and solution phase 
syntheses are both applicable to the foregoing processes. 

The IL-13 protein, fragments, or derivatives are suitably 
prepared in accordance with the above processes as typically 
employed in peptide synthesis, generally either by a so-called 

35 stepwise process which comprises condensing an amino acid to the 
terminal amino acid, one by one in sequence, or by coupling peptide 
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fragments to the terminal amino acid. Amino groups that are not 
being used in the coupling reaction typically must be protected to 
prevent coupling at an incorrect location. 

If a solid phase synthesis is adopted, the C-terminal amino 
. acid IS bound to an insoluble carrier or support through its carboxyl 
group. The insoluble carrier is not particularly Umited as long as it 
has a binding capability to a reactive carboxyl group. Examples of 
such insoluble carriers include halomethyl resins, such as 
chloromethyl resin or bromomethyl resin, hydroxymethyl resins 

phenol resins, tert-alkyloxycarbonylhydrazidated resins, and the 
like. 

An amino group-protected amino acid is bound in sequence 
through condensation of its activated carboxyl group and the 
reactive amino group of the previously formed peptide or chain, to 
synthesize the peptide step by step. After synthesizing the complete 
sequence, the peptide is split off from the insoluble carrier to 
produce the peptide. This solid-phase approach is generally 
described by Mcrrifield et aL, in J. Am. Chem. Sac. 55:2149 (1963) 
The prepared protein and fragments thereof can be isolated 
and purified from the reaction mixture by means of peptide 
separation, for example, by extraction, precipitation, electrophoresis 
various forms of chromatography, and the like. TTie interleukin of ' 
this mvention can be obtained in varying degrees of purity 
depending upon its desired use. Purification can be accomplished by 
use of the protein purification techniques disclosed herein or by the 
use of the antibodies herein described in methods of 
immunoabsorbant affinity chromatography. n,is immunoabsorbant 
affimty chromatography is carried out by first linking the antibodies 
to a solid support and then contacting the linked antibodies with 
solubihzed lysates of appropriate cells, lysates of other cells 
expressing the interieukin, or lysates or supematants of cells 
producing the protein as a result of DNA techniques, see below 

Generally, the purified protein will be at least about 40% pure 
ordinarily at least about 50% pure, usually at least about 60% pure ' 
typically at least about 70% pure, more typically at least about 80% 
pure, preferable at least about 90% pure and more preferably at 
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least about 95% pure, and in particular embodiments, 97%-99% or 
more. Purity will usually be on a weight basis, but can also be on a 
molar basis. Different assays will be applied as appropriate. 

VI. Antibodies 

5 Antibodies can be raised to the various human IL-13 proteins 

and fragments thereof, both in naturally occurring native forms and 
in their recombinant forms, the difference being that antibodies to 
the active ligand are more likely to recognize epitopes which are 
only present in the native conformations. Anti-idiotypic antibodies 

10 are also contemplated, which would be useful as agonists or 
antagonists of a natural receptor or an antibody. 

Antibodies, including binding fragments and single chain 
versions, against predetermined fragments of the protein can be 
raised by immunization of animals with conjugates of the fragments 

15 with immunogenic proteins. Monoclonal antibodies are prepared 
from cells secreting the desired antibody. These antibodies can be 
screened for binding to normal or defective protein, or screened for 
agonistic or antagonistic activity. These monoclonal antibodies will _ 
usually bind with at least a Kd of about 1 mM, more usually at least 

20 about 300 jiM, typically at least about 100 jiM, more typically at 
least about 30 ^M, preferably at least about 10 ^iM, and more 
preferably at least about 3 (xM or better. 

The antibodies, including antigen binding fragments, of this 
invention can have significant diagnostic or therapeutic value. They 

25 can be potent antagonists that bind to the interleukin and inhibit 

binding to the receptor or inhibit the ability of huamn IL-13 to elicit 
a biological response. They also can be useful as non-neutralizing 
antibodies and can be coupled to toxins or radionuclides to bind 
producing cells, or cells localized to the source of the interleukin. 

30 Further, these antibodies can be conjugated to drugs or other 

therapeutic agents, either directly or indirectly by means of a linker. 

The antibodies of this invention can also be useful in 
diagnostic applications. As capture or non-neutralizing antibodies, 
they can bind to the interleukin without inhibiting receptor binding. 
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Other suitable techniques involve in vitro exposure of 
lymphocytes to the antigenic polypeptides or alternatively to 
selection of libraries of antibodies in phage or similar vectors. See, 
Huse €t al. Science 246:1215 (1989); and Ward et al. Nature 
5 7:544 (1989). The polypeptides and antibodies of the present 
invention may be used with or without modification, including 
chimeric or humanized antibodies. 

Frequently, the polypeptides and antibodies will be labelled 
by joining, either covalently or non-covalently, a substance which 

10 provides for a detectable signal. A wide variety of labels and 

conjugation techniques are known and are reported extensively in 
both the scientific and patent literature. Suitable labels include 
radionuclides, enzymes, substrates, cofactors, inhibitors, fluorescent 
moieties, chemiluminescent moieties, magnetic particles, and the 

15 like. Patents teaching the use of such labels include U.S. Patent Nos. 
3,817,837; 3,850,752; 3,939,350; 3,996,345; 4,277,437; 4,275,149; 
and 4,366,241. Also, recombinant or chimeric immunoglobulins may 
be produced, see Cabilly, U.S. Patent No. 4,816,567. 

The antibodies of this invention can also be used for affinity 

20 chromatography in isolating the IL-13. Columns can be prepared 
where the antibodies are linked to a solid support, e.g., particles, 
such as agarose, Sephadex, or the like, where a cell lysate may be 
passed through the column, the column washed, followed by 
increasing concentrations of a mild denaturant, whereby the 

25 purified protein will be released. 

The antibodies may also be used to screen expression libraries 
for panicular expression products. Usually the antibodies used in 
such a procedure will be labelled with a moiety allowing easy 
detection of presence of antigen by antibody binding. 

30 Antibodies raised against each human IL-13 will also be used 

to raise anti-idiotypic antibodies. These will be useful in detecting 
or diagnosing various immunological conditions related to expression 
of the protein or cells which express receptors for the protein. They 
also will be useful as agonists or antagonists of the interleukin, 

35 which may be competitive inhibitors or substitutes for naturally 
occurring ligands. 
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In.. , T '"^ recombinant forms of the human 

Interleuk.n-13 molecules of this invention are particularly usefuHn 
^ts a^, 3say methods. For example, these me'u^ods wou d lo b 

methods of automating assays have been developed in recent yel 
so as to permn screening of tens of thousands of compounds p^ 
year. See. e.g. a BIOMEK automated workstation, Beckman 
, ° ^^'fo^a, and Fodor Science 251:161 

If H r J . '"''"'^^ ""^"^ •>-ding by a plurality 

of defined polymers synthesized on a solid substrate The 
development of suitable assays to screen for a receptor or 

toe ayailabnuy of large amounts of purified, soluble interleukin in 
an active state such as is provided by this invention 

studies 0^1' ^^f ^T^'u"""' "^^^'^ 

studies of the molecular shapes of a receptor or antibody and other 

effectors or hgands. Effectors may be other proteins which medLte 

mher functions m response to ligand binding, or other proteins 

which normally interact with the receptor. One means for 

deteiinining which sites interact with specific other proteins is a 

physical smicture determination, e.g.. x-ray crystallography o 2 

dimensional NMR techniques. These will provide guidance'as to 

wh ch ammo acid residues form the molecular contact regions For a 

detailed description of protein structural determination, see eg 

Blundell etal.. Protein Crystallo.rapHy, (1976) Academic Ls ^ Kew 

use m the aforementioned receptor screening techniques. However 
non-neutralizmg antibodies to these proteins can be used arTapr; 
aiiu,K>dies to immobilize the respective interleukin on the sol^ 
phase, useful, e.g., in diagnostic uses. 

This invention also contemplates use of interleukin-13 
fragments thereof, peptides, and their fusion products in a v'arietv of 
diagnostic kits and methods for detecting the'presence of the ToVj 
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or its receptor. Alternatively, or additionally, antibodies against the 
molecules may be incorporated into the kits and methods. Typically 
the kit will have a compartment containing either a defined IL-13 
peptide or gene segment or a reagent which recognizes one or the 
5 other. Typically, recognition reagents, in the case of peptide, would 
be a receptor or antibody, or in the case of a gene segment, would be 
a probe. 

A preferred kit for determining the concentration of, for 
example, IL-13, a sample would typically comprise a labelled 

10 compound, e.g., receptor or antibody, having known binding affinity 
for IL-13, a source of IL-13 (naturally occurring or recombinant) as 
a positive control, and a means for separating the bound from free 
labelled compound, for example a solid phase for immobilizing the 
IL-13 in the test sample. Compartments containing reagents, and 

15 instructions, will normally be provided. 

Antibodies, including antigen binding fragments, specific for 
IL-13 or a peptide fragment, or receptor fragments-are useful in 
diagnostic applications to detect the presence of elevated levels of 
IL-13 and/or its fragments. Diagnostic assays may be homogeneous 

20 (without a separation step between free reagent and antibody- 

antigen complex) or heterogeneous (with a separation step). Various 
commercial assays exist, such as radioimmunoassay (RIA), enzyme- 
linked immunosorbent assay (ELISA), enzyme inmiunoassay (EIA), 
enzyme-multiplied immunoassay technique (EMIT), substrate- 

25 labelled fluorescent immunoassay (SLFIA) and the like. 

For example, unlabelled antibodies can be employed by using 
a second antibody which is labelled and which recognizes the 
antibody to IL-13 or to a particular fragment thereof. These assays 
have also been extensively discussed in the literature. See, e.g., 

30 Harlow et aL, Antibodies: A Laboratory Manual, 1988, CSH; and 
Coligan (Ed.), Current Protocols In Immunology, 1991 and periodic 
supplements, Greene/Wiley, New York. 

Anti-idiotypic antibodies may have similar use to serve as 
agonists or antagonists of IL-13. These should be useful as 

35 therapeutic reagents under appropriate circumstances. 
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."venUon, d»p«Kli„g ^ ^ „ of I a'av ,1^ ^ 

5 IS provided. This is n«.aii« • • """"y. or Jabelled receptor 
buffers. ..aW^ "11" '°°^""'''°» °">" ^^i-ve.. such 

comain inswcdons for p oper „7e «' "ko 

Typically .he ki, ZZ. °' """"^ >"« 

-.apo^.^^ 

= example, labelling „ay be ac^ieT^ K " V^" °' 

jototas a moiery which d ,e!« ' " """-covalenfly 

si8»al. I. any of .hese a » """"^ ' 

P-ospha^se. and nnorts^'nu:^ "us P fTTo ^'"^'"^ 
of moniioring u,e chanee Tn n ' °- capable 

or fluorescence powX pZ;^'^?" f""^*^' 
include biodnylaL Tr' tal-elUng 

avid. «„pj:r:;:/rer;tr •» 

compound T,,'^^i3"jt-J2b*' '"^ - 

followed by washing " k, """"""''^ <» '"Sous martxes 

BLISA pla.e. ™t.'and b"^^ ^ » 

recenfnr t« • Methods of immobilizing the 

sr. f?"".l^'''°: 'o 

bio,i„:.,idi„ ° '»"PB»8. aud 

..«bod"eu7oi:ie?hy~/r^ - --P'-on of 

those uiiliring es m , '""""'"S 

a»S. e.g., ,„ organic solye«. such as polyeUiylene glycol or 
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a salt such as ammonium sulfate. Other suitable separation 
techniques include, without limitation, the fluorescein antibody 
magnetizable particle method described in Rattle et al, Clin. Chem. 
30:1457 (1984), and the double antibody magnetic particle 
5 separation as described in U.S. Pat. No. 4,659,678. 

The methods for linking protein or fragments to various labels 
have been extensively reported in the literature and do not require 
detailed discussion here. Many of the techniques involve the use of 
activated carboxyl groups either through the use of carbodiimide or 

10 active esters to form peptide bonds, the formation of thioethers by 
reaction of a mercapto group with an activated halogen such as 
chloroacetyl, or an activated olefin such as maleimide, for linkage, or 
the like. Fusion proteins will also find use in these applications. 
Another diagnostic aspect of this invention involves use of 

15 oligonucleotide or polynucleotide sequences taken from the 

sequence of an IL-13. These sequences can be used as probes for 
detecting levels of the IL-13 in patients suspected of having a 
proliferative cell conditions, e.g., cancer. The preparation of both 
RNA and DNA nucleotide sequences, the labelling of the sequences, 

20 and the preferred size of the sequences has received ample 
description and discussion in the literature. 

Normally an oligonucleotide probe should have at least about. 
14 nucleotides, usually at least about 18 nucleotides, and the 
polynucleotide probes may be up to several kilobases. Various 

25 labels may be employed, most commonly radionuclides, particularly 
32p. However, other techniques may also be employed, such as 
using biotin modified nucleotides for introduction into a 
polynucleotide. The biotin then serves as the site for binding to 
avidin or antibodies, which may be labelled with a wide variety of 

30 labels, such as radionuclides, fluorescers, enzymes, or the like. 
Alternatively, antibodies may be employed which can 
recognize specific duplexes, including DNA duplexes, RNA duplexes, 
DNA-RNA hybrid duplexes, or DNA-protein duplexes. The antibodies 
in turn may be labelled and the assay carried out where the duplex 

35 is bound to a surface, so that upon the formation of duplex on the 
surface, the presence of antibody bound to the duplex can be 
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. °' """-^-^ may be 

earned o« ,„ ary co„,e„Uoaal techniques such as uacleic acid 

hvbrid'?';°°' J"" """" ~„auon.^::lg 

5 (HAR-n. Ths also inctodes ampUHcadon (echniques such as 
polymerase chain reaction (PCR). 

Diagnostic Icits which dso test for the qoaUtalive or 
qoanmative ptesence of other markers are also contemplated. 

10 ^ZT ""^ "mbinadon of „,nWple 

10 indications used as marlrprc tk..o u-. '"u«ipie 

markers ^i.. . '^"^ for combinations of 

0989?; " ^--''^ ^:89 

VIII. Therapeutic TJHHry 

15 value ">="P="tio 
I^r^f ! " '«=ombinan.). fragL,s 

havmg b.Bd,„g affinity ,„ i„^,.„H, „ j,^ 

20 ^ T k""""°" °' S"eh abnormality wiU 

20 wcally be manifested by immunological disorders, Addia^.1,, 
ft« mvenfon sho«ld provide therapeutic value in any disIT or 
d.s<.der as«,ciated with abnormal expression or abnor^aT 
mggenng of response to the imerleukin 

25 >h,„ ^^^r*""""' <" 1-13 antibodies can be purified and 

" *en admmtstered to a patient. Hes. reagents c«, be coml^for 
d,erape„,.c use with additional active ingredients. e.g., in 
convenuonal pharmaceuHcally acceptable carters or diluents alon. 
™u, Phystologically innocuous stabilizers and excipients. TOese 
comb,na„«,s can be sterile filtered and placed into dosage ft^s as 
^ Wzatton in dosage vials or storage in stabiU^d aquZT 
preparations. This invendon also contemplates use of anabodi" o, 
bmdmg fragments d,e.e„f „bich are no, complement bindrng 

Receptor screening using IL-IS or ftagments hereof cm be 
performed to idendfy molecules having binding affinity IZ 
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interleukin. Subsequent biological assays can then be utilized to 
determine if a receptor can provide competitive binding, which can 
block intrinsic stimulating activity. Receptor fragments can be used 
as a blocker or antagonist in that it blocks the activity of IL-13. 
5 Likewise, a compound having intrinsic stimulating activity can 
activate the receptor and is thus an agonist in that it simulates the 
activity of IL-13. This invention further contemplates the 
therapeutic use of antibodies to IL-13 as antagonists. 

The quantities of reagents necessary for effective therapy will 

10 depend upon many different factors, including means of 

administration, target site, physiological state of the patient, and 
other medicants administered. Thus, treatment dosages should be 
titrated to optimize safety and efficacy. Typically, dosages used in 
vitro may provide useful guidance in the amounts useful for in situ 

15 administration of these reagents. Animal testing of effective doses 
for treatment of particular disorders will provide further predictive 
indication of human dosage. Various considerations- are described, 
e.g., in Oilman et al (eds). The Pharmacological Bases of 
Therapeutics, 8th Ed., 1990, Pergamon Press; and Remington's 

20 Pharmaceutical Sciences, 17th ed., 1990, Mack Publishing Co., EastonT 
Penn. 

Methods for administration are discussed therein and below, 
e.g., for oral, intravenous, intraperitoneal, or intramuscular 
administration, transdermal diffusion, and others. Pharmaceutically 
25 acceptable carriers will include water, saline, buffers, and other 

compounds described, e.g., in the Merck Index, Merck & Co., Rahway, 
New Jersey. 

Because of the likely high affinity binding between an IL-13 
and its receptors, low dosages of these reagents would be initially 

30 expected to be effective. Thus, dosage ranges would ordinarily be 
expected to be in amounts lower than 1 mM concentrations, 
typically less than about 10 ^M concentrations, usually less than 
about 100 nM, preferably less than about 10 pM (picomolar), and 
most preferably less than about 1 fM (femtomolar), with an 

35 appropriate carrier. Slow release formulations, or slow release 
apparatus will often be utilized for continuous administration. 
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IL-13 or fragments thereof, antibodies or fragments thereof, 
antagonists, and agonists, may be administered directly to the host 
to be treated or. depending on the size of the compounds, it may be 
desirable to conjugate them to carrier proteins such as ovalbumin or 
5 serum albumin prior to their administration. Therapeutic 
formulations may be administered in any conventional dosage 
formulation. 

While it is possible for the active ingredient to be 
administered alone, it is preferable to present it as a pharmaceutical 
10 formulation. Formulations comprise at least one active ingredient 
as defined above, together with one or more acceptable carriers 
thereof. Each carrier must be both pharmaceutically and 
physiologically acceptable in the sense of being compatible with the 
other ingredients , and not injurious to the patient. Formulations 
include those suitable for oral, rectal, nasal, or parenteral (including 
subcutaneous, intramuscular, intravenous and intradermal) 
administration. 

The formulations may conveniently be presented in unit 
dosage form and may be prepared by any methods well known in 
the art of pharmacy. The therapy of this invention may be 
combined with or used in association with other immunotherapeutic 
or immunopreventive agents. 

EXAMPLR<; 

The broad scope of this invention is best understood with 
reference to the following examples, which are not intended to limit 
the inventions in any manner. Unless otherwise specified 
percentages given below for solids in solid mixtures, liquids in 
liquids, and solids in liquids are on a wt/wt, vol/vol and wt/vol 
basis, respectively. Unless defined otherwise, all technical and 
scientific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. 



20 
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Many techniques applicable to IL-4 and IL-10 may be applied 
to E.-13, as described, e.g., in U.S. Patent No. 5,017,691 (IL-4) and 
U.S.S.N. 07/453,951 (IL-10). 

I- Isolation of cDNA Clone Encoding Human TL-n 

An approximately 400 bp DNA fragment derived from a 
Pst/PvuII restriction digest of the mouse P600 cDNA clone was 
isolated by polyacrylamide gel electrophoresis and subsequent 
elution and ethanol precipitation. This fragment, which 
encompasses most of the coding region of the mouse P600 cDNA, 
was radioactively labelled by random priming in the presence of 
[32p]dCTP. 

Filter lifts were prepared following standard procedures from 
ten agar plates each with approximately 5000 colonies of a B21 
cDNA library. This library was made from cloned human T cells, 
designated B21, which had been stimulated with anti-CD3 for 7 
hours prior to the isolation of the RNA. The construction of this 
library is described in U.S. application Serial No. 07/453,951. 

The filters were hybridized overnight at 42**C with the labelled 
mouse P600 fragment in 20% formamide, 6X SSPE, 0.1% SDS, 5X 
Denhardt's solution, and 100 \ig/m\ tRNA. The filters were washed 3 
times with 2X SSPE, 0.1% SDS at room temperature for 20 minutes 
each, twice with IX SSPE, 0.1% SDS at 55°C for 1 hour, then exposed 
to film overnight. Eight positives were identified and picked for 
further purification. Seven of these were positive upon rescreening. 
Six clones had Bamm inserts of 1.35 kb and one an insert of only 
0.6 kb. The 1.35 kb insert of one clone, designated pB21.2Bf, was 
subcloned into M13 and sequenced by the dideoxy method. 
Sequence comparision demonstrated that this 1.16 kb cDNA encodes 
a human homolog of mouse P600. 

The huIL-13 cDNA isolated from the B21 library was not full 
length as compared to the mouse P600 cDNA. Repeated attempts to 
isolate a full-length cDNA from the B21 library were unsuccessful. 
Thus, a different library was screened with the pB2I.2Bf insen for a 
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begmn^g 50 bp from d,e 5' end and ending a, .he s,op c«.on. 

A CDNA library was made from a clone of an AlO T cell Bne 
TT.e same hybridization conditions as described above were nsed ' 
. Th" niKrs were washed once in IX SSPB, 0.05% SDS al room 

one hour. They were exposed .o fflm overnight. Several posidves 

Obtained from the 5' end of sever.1 „f ,he cDNA inserts from the" 
P»s,Oves .ndtcated that they were f„l.-,eng.h. One of the 1.3 lb 
CDNA mserts. frotn a done designated pAlO.66, was subcloned into 
MI3 and sequenced. Its sequence is shown in Table 1 The 
sequence of the full length clone differed from the sequence shorter 
Clone by a single ccKion. which is present in the full length clone. ™ 

n. fepresMn and fariliraiion of Mmis e Piion ^.^ i^„f „a p „ , „ 

n n '^/^^■•^^f "nWning a 1.16kb cDNA encoding human 

n.-I3. Udted the first 23 N-terminal amino acids. The inseri was 
P^pared for ligadon into an expression vector pOEX-2T by usi" 
PCR to provide unique restricdon sites at dte 5' BamHl and 3' fic^Rl 

Where fte d.snnc, protein segments ate sepa«ted by a ,«.dily 
cleaveable protease site. The gel purified DNA was ligated into d» 
express,™ vector pGEX-2T so Uta, when the plasmid fs expr^ ed in 
E. col, the protem encoded by the DNA insert produces a fLn 
r^!l 8lutathione-S-,ra„sferase with a thrombin cleavage site 
« bemeen as described in detail by Smid, e, a,.. Gene 67:3i (1988, 
m resdting plasmid was transformed into £. coU and succesll 
transformants were grown in die presence of IPTG. Expression 
products of dtis construct, when grown under inducing conditions 
accumulated in inclusion bodies. 
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Mouse P60Q Refolding and Purification 

Transformed E, coli cells were grown in media at 37*^C and 
induced with IPTG at 0.5 OD. The induced cells were grown until 
maximal OD was reached either by shake flask or fermentation. 
5 Cells were harvested by centrifugation at 4000 x g at 4'*C for 30 min 
and were frozen at -lO^C. 

Cells were resuspended at room temperature in TE buffer (50 
mM Tis-HCl, 10 mM EDTA pH 8 with 1 mM Peflobloc, a protease 
inhibitor). Cells were passed through a microfluidizer at 18,000 psi, 

10 collected, and ccntrifuged at 10,000 x g at 4*'C for 30 min. Cell 

pellets were repeatedly washed in TE buffer and centrifuged until 
supernatant was clear. The pellet was solubilized with 6 M 
guanidine-HCl, 10 mM DTT, 50 mM Tris-HCl pH 9, and 1 mM 
Peflobloc and mixed at 4''C for 2 hours. 

15 The protein concentration was measured by the Bradford 

Protein method and typically was approximately 2.5. mg/ml total 
protein concentration. The mixture was diluted over a period of 
hours to 100 fold of its unfolding volume into 50 mM Tris-HCl, 150 
mM NaCl, 2 mM reduced ' glutathione, 1 mM oxidized glutathione, 0.5— 

20 M guanidine-HCl, and 10 mM EDTA at pH 9.0. The solution was 

mixed at 4''C for 24 hours, allowing refolding of disulfide linkages of 
the molecule. 

Precipitates were removed by centrifugation at 4000 x g for 
30 min at 4''C or by filtration with a 0.45 ^im filter. The supernatant 

25 was concentrated using a Pellicon and diafilter against 50 niM TRIS- 
HCL, 150 mM NaCl, 2.5 mM CaCl2. pH 7.5 buffer at 4''C. The 
glutathione-S-transferase fusion partner was cleaved by adding 
human thrombin at 10 ng per 50 |ig of fusion protein. The solution 
was mixed at 4^C for 18 to 48 h to allow the fusion protein to be 

30 cleaved by thrombin. SDS-PAGE gels and TF-1 bioassay was used to 
characterize P600 conformation and activity. 

Ammonium sulfate was aded to the refolded material at a 25% 
saturation range after complete thrombin cleavage was observed. 
The refolded material was adjusted to pH 8.5 with 6N NaOH and 

35 loaded onto a butyl Toyo Pearl column, equilibrated at pH 8.5 with 
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25% ammonium sulfate, 50 mM TRJt hpi nnt „ 
column was washed wi,h ' ^ '^'^ 

approached r ' =1"'l.'>ra.,on buffer un,,. ,he A280 

8./b.ff. foTf viL ™'' "« 

concenlrattd to a 5ono . '^"""''^ '""I 

volume less ,hJ,rr,T '"'"f ^micon Stir cell to a 

column. 

e oea volume of the S200 gel filtration 

buffer ?o'n^TaPr',To"rNT'"'''^ •^""^-^ 
ooncen^ed S poo; Z TleH ""l."'"^ ''"^"^ "« 'O- 

SDS-PAGE eels F™oH« P""^'^'" content by 

concen,^L^t,.X":.roCmr °" r""^"^' 
Woassa, f„, hioiogi,^ ac«»i.v *' 

de-ermined by silver ^^^J'^l h '^™«°'"<io" was 

gel scanner. °* "'"S Mol-ular Dynamic 

Umu^^ran:^ - col„Hme«c 

effectivrrp P^^'^^^"- will be 

~r:Zi,^rr'.- - -^°iw 

refolding parre;?;^"!!:.:!: 



15 



20 



refoldina „a -""auuns may be titrated. Each 

^^^^Simllar procedures were used prepare and ,o purify human 
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Decreasing amounts of P600 administered to the cells resulted in 
lessened cell growth as determined by ^H-thymidine incorporation. 

To construct a cDNA encoding the extracellular domain of CD40 
(designated "soluble CD40"), the following PCR primers containing an 
5 Xhol site were synthesized on an Applied Biosystems 380A DNA 
synthesizer: 

sense: 5'-ACAGCTCGAGCCATG- GTGTCnTGCCTCGGCTGTG-3' and 
antisense: 5-GTAGCTCGAGCTCACCGGGACTTTAAACCACAGATG-3'. 

These primers were used to produce PCR fragments encoding 

10 191 amino acids from the start codon of mouse CD40. PCR fragments 
were digested with Xhol and then ligated into Xhol cleaved 
mammalian/bacterial expression vector (pMElBS). The inserted 
fragment was sequenced by the dideoxy sequenceing method to 
confirm the sequence. 

15 Plasmids carrying the soluble CD40 cDNA were transfected into 

COS -7 cells by electroporation by standard procedures. See Ausubel 
€t al (1987 and periodic supplements). Briefly, 0.75 ml of COS-7 cell 
suspension in serum free Dulbecco's Minimal Essential (DME) 
medium at 10^ cells per ml were incubated with 50 jil of 20 jig 

20 plasmid at room temperature for 10 min, and subjected to 

electroporation using a Bio-Rad gene pulser (960 F, 220 V), Ten 
minutes after electroporation, COS-7 cells were cultured in four 10 
cm dishes for 3 days. For the purification of soluble CD40, medium 
was changed to phenol red-free RPMI 1640 supplemented with 

25 HBlOl (HANA Biologies, Alameda, CA) one day after electroporation. 

Soluble CD40 was purified by ion exchange chromatography on 
anion exchange columns using standard procedures. The protein 
was eluted from the column using a linear NaCl gradients and 
analyzed by Western Blotting using a rabbit antiserum against a 

30 CD40 peptide made by standard methods. 

Eight week old female Lewis rats were obtained from Harlan 
Sprague-Dawley (Indianapolis, IN). These rats were immunized 
intaperitoneally with 10 »ig of soluble CD40 in complete Freuntfs 
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adjuvant followed by boosts of 10 10 10 .nH 

in incomplete Freund's adjuvant at 345 T . '"'"'^^ 

respectively A r,n»i k * ' ^' ^'^ ^^eks, 

bleeds Z J^JlfZi^C^' ""r"'"' " 

Sn,all dens. B Jus Zi^, , '"'^^ ^^A. 

nggn ""S^n ei al.. Cell ImmunoL 134'\a 

10 gl„u„,i„e (, R ScLmT T'J • *""»81on, PA), 2 mM 

».p.o™ycin J' ^ T\ W/ml 
a™.o„il chtldtpH t '^''<' -'"8 "SB* 

and-UT4 an«U ,Ru,3'^';^!'»'' Bos.o„. MA) and 

ice followed ; :i!;^^': ;vf';;^^^^^^^ ='-'»Ha„d) for 20 ™„ „„ 

ecus were c...ec.«,lj ^6^1^ S^'IL': r*™"" 

Labware) a( various „U decides in cRPM . " ' 

stimnlanis, as indicated P^rr ' "<'«''<'"al 

so pulse of 3h I, ? , "^"''fcration was evaluated via a 4 hr 
pmse of JH-thym.dine (Amersham) added at 48 hr .t, , 
initiation. """"Hi ai nj nr af^, culture 
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B. Sustained Survival of B Cells: Selectivity Reagents 

The anti-CD40 mAb89 and anti-CD23 mAb25 were produced 
by standard procedures against the respective antigens, see Valle et 
al, Eur, y. Immunol 79:1463 (1989); Bonnefoy et al, 7. Immunol 
5 138:2970 (1987). The CDw32/FcyRII transfected Ltk-cell line 

(CDw32 L cells) was described by Peltz et al, J. Immunol 747:1891 
(1988). Anti-IgM antibodies coupled to beads (anti-M) were 
purchased from Biorad (Richmond, CA). 

Cell phenotype was determined using FITC conjugated mAb 

10 originating from Becton Dickinson (Mountain View, CA). The 

neutralizing anti-IL-4 monoclonal antibody was kindly provided by 
Dn Grassi. The extracellular domain of the 130 kDa IL-4 receptor 
was derived from COS-7 cells transfected with a plasmid containing 
a truncated IL-4 cDNA described by Garrone et al, Eur, J 'Immunol, 

15 27:1365 (1991). The recombinant protein was purified from 

transfected cell culture supernatant by purification on an IL-4-Affi- 
gel 10 column. The anti-130 kDa IL-4 receptor antibody was 
generated after immunization of mice with the extracellular domain 
of the IL-4 receptor. Cultures were carried out in modified 

20 Iscove's medium. 

B Cell Preparations and Cell Cultures 

B cells were isolated from tonsils as described by Defrance et 
al, J. Immunol 759:1135 (1987). Briefly, after a rosetting step with 
sheep red blood cells, non-rosetting cells were further incubated 
25 with anti-CD2, anti-CD3, and anti-CD14 mAbs prior to negative 
selection performed with magnetic beads coated with anti-mouse 
IgG (Dynabeads, Dynal, Oslo, Norway). The isolated population 
expressed > 98% CD19 or CD20 (B cells) and < 1% CD2 (T cells) or 
CD14 (monocytes). 

30 Assavs With Antigen Receptor Activated B Cells 

B lymphocytes, adjusted at 5 x 10^ cells/ml, were stimulated 
for 72 hours with insolubilizcd anti-IgM (5 ^ig/ml). A 16 hour pulse 
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With 1 nCi (3H)TdR was usually performed at day 3 and 6 [3H]-TdR 
tTchniqrs "'^^'"''^ scintillation counting 

CD40 svstetp 

5 For proliferation assays, 2.5 x 104 purified B cells were 

""ir'^Jnc*" '^'^'^""^ ^'^ (7000 rad) CDw32 L 

cells and 0.5 ,g/ml of anti-CmO mAb89 in a final volume of 200 ,1 
For Ig production. B cells were tested at 2.5 x 105 cells/ml 

10 after 10 days and Ig levels were 

10 determined by ELISA. 

Isolation of sT pD±.aod_^D ^ b Cell Pop nUti.nc 

Purified B lymphocytes were separated using a preparative 
magnetic cell separation system (MACS, Becton-Dickinson), according 
to the expenmental procedure described in detail by Miltenyi ei al 
15 Cyton^try 11:231 (1990). n,e separation based on sIgD e^pr sfo;; 

" ^^^^^ " 

( yyz). Punty of the sorted cefl populations were > 99% for the 

sIgD B cell subpopulation, while < 1% of slgD" B cell subpopulation 

20 ;7crcl 



25 



30 



Cvtolcinftg 



10 U/ml), recombmam hIL-4 (Schering-Plough Research Institute 
Bloomfiel . NJ. 1 x 107 U/mg), lecombinant h,L-10 (Schering-Plough 
Research Institute. Bloomfield, NJ. 1 x 10? U/ml) were respectively 
used at 10 U/ml. 50 U/ml. and 100 ng/ml. IL-13 was expTess J ls 
a fusion protein with glutathione-S-transferase using the pGEX-2T 
vector (Pharmacia. Uppsala. Swede). 

A DNA fragment encoding hIL-13 residues 24-109 was 

^rmt'^'or''""''''' ^^^^ '^lo"^ into the 

BammiEcoKl site of the vector. A DNA fragment encoding mIL-13 
residues 19-109 was also prepared and cloned. The huma^ and 
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mouse IL-13 fusion proteins were expressed as insoluble aggregates 
in Escherichia coli, extracted by centrifugation, solubilized, and 
subjected to a renaturation step, see van Kimmenade et ai, Eur. J. 
Biochem. 173:109 (1988). 
5 The refolded IL-13 was cleaved from the fusion partner by 

thrombin, purified by cation exchange (S-Sepharose FPLC, 
Pharmacia) and gel filtration (Sephacryl s-200 FPLC, Pharmacia) 
chromatography. The gel filtration column was calibrated with 
protein standards (Bio-Rad). Proteins were quantitaied by SDS- 
10 PAGE, silver staining (ISS), and scanning densitometry (Molecular 
Dynamics) with normalization to chicken egg lysozyme (Sigma, St. 
Louis, MO). Endotoxin (determined by the Limulus ameobocyte 
lysate assay (Whittaker Bioproducts, Inc.) was typically < 1 eu/ml. 

IL-13 Enhances the DNA S ynthesis of B Cells Activated Through 
15 Their Antigen Receptor 

The DNA synthesis of highly purified human B lymphocytes 
activated through their antigen receptor with anti-IgM antibody is 
enhanced by recombinant cytokines, such as IL-2, IL-4, and IL-10. 
Recombinant murine IL-13 also enhanced, in a dose dependent 

20 fashion, the day 3 DNA synthesis of human tonsillar B lymphocytes 
cultured in the presence of insolubilized anti-IgM antibody. The 
maximum stimulation was obtained for a concentration of 10-25 
ng/ml of murine (or human) IL-13. 

The stimulatory effect was lower than that of either IL-2 or 

25 IL-4 but comparable to that of IL-10. As IL-4, but unlike IL-2, the 
co-stimulatory effect of IL-13 on anti-IgM activated B cells could be 
observed after 3 days of culture, and decreased to be virtually 
undetectable after 6 days. 

IL-13 Acts As Growth Factor f or B Cells Stimulated Through Their 
30 CD40 Antigen 

IL-13 was also assayed for its ability to enhance the 
proliferation of anti-CD40 activated B cells in comparison with IL-4 
and IL-10. Thus, 2.5 x lO^ purified tonsillar B lymphocytes were 
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ooLured „,« CDw32 expressing L cells >«ge<her 0.5 of 
» ann-CD40 antibody Mab 89 wiU, or wid,o„, increasin/ 

5 . J w """'Sly e»hanced aoli-CD40 

i and 30 ng/ml IL-13 and plateaued thereafter without 
demonstrating any inhibitory effect (even at 1000 ng/nl) Under 

10 f .K oxperinKnts. 

1L.4 and n in JT . comparable to that of 

„ ^. <^iy i» l-o culture at day 6. The 

n.-13 sttmulatory activity was pardcnlarly striking a. day 9 where 
« surpassed that .f IL-IO »,d ntote noubly dtat of n.-4 LiTZ 
15 Showed sttmulato^ effects at day 12 and again was more ^ff^e.? 
*a„ etther IL^ or IL-lD. Cultures grown in the presence ofll 
formed extremely dght clumps. Clumps were very difficult L 

ot viable lymphocytes during cell cultures. Nevertheless cell 

Te r"/""' ""^ "0 •» ^ "ays a ; 

die number of viable B lympbocy«« had increased about 12 foir 

(estimated conservatively). 

Whether IL.13 could act in concen with IL-4 or IL-lO for 
n^imal B cell proliferarton was studied. Combination 7f 1 ^Lal 

: ■"*'=""'« '"0" of synergy and even addidvity 
T^" ^-o cytownes. to contrast, combination of IL-13 and 

IL-.O resuted i. an additivity of their sdmulatory effects The 
0 addmve effects of IL-U «,d O-IO B cell proUfemLn w^ 

IKal n-13 IS a growdi factor for human B lymphocytes. 
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IL->13 Induces Anli>CD40 Activated B Cells to Secrete IgE 

In view of the powerful effects of IL-13 on the proliferation of 
anti-CD40 activated B cells, culture supernaiants were analysed for 
their immunoglobulin content. Like IL-4 but unlike IL-10, IL-13 
did not stimulate the production of IgM, IgG, and IgA in day 8 
cultures of anti-CD40 activated B cells. However, IL-13 was able to 
induce B cells to secrete IgE in a dose dependent fashion (Table 4). 
IL-13 was comparable to IL-4 in its capacity to induce IgE. The 
combination of IL-4 and IL-13 resulted in a production of IgE which ' 
was either comparable or slightly enhanced when compared to that 
obtained with IL-4 alone. IL-13 unable to induce either resting B 
cells or anti-n activated B cells to secrete IgE. 



Table 4: IL-13 Induces Anti-CD40 Activated B Cells to Secrete IgE. 



cytokine IgG (^ig/ml) IgA {\ig/ml) IgM i\xg/ml) igE (ng/nd) 



none 
IL-4 
IL-10 
IL-13 



1.2 ± 0.09 
1.4 ± 0.01 
15.0 ± 1.9 
1.6 ± 0.4 



0.4 ± 0.04 
0.4 ± 0.005 

12.0 ± 2 
0.4 ± 0.001 



0.08 ± 0.005 
0.2 ± 0.005 
18.0 ± 0.6 
0.2 ± 0.04 



< bg 
37 ± 1.1 

< bg 
25.2 ± 3.3 



5 X 104 purified B cells were cultured for 10 days with 2.5 x 10^ 
irradiated CDw32 L cells with the anti-CD40 mAb89 without or with 
50 U/ml IL.4, 100 ng/ml IL-10, 30 ng/ml hIL-13. Ig levels 
represent the mean ± SD values of quadruplicate determinations. 
Representative of three experiments. (< bg = lower than 150 pg/ml 
of IgE.) 



The IL> 1 3 Target B Cbll Subpopulation is More Restricted Than the IL>4 Che 

To further compare the effects of IL-4 and IL-13, B cells 
cultured in the CD40 system with either cytokine were phenotyped 
after six days of culture. IL-13 is able to induce CD23 expression on 
cultured B cells with an intensity comparable to that obtained with 
IL-4. However, whereas IL-4 induced > 90% of the cultured B cells 
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15 



20 



25 



30 



to express CD23. IL-13 induced CD23 only on 40% of the B cell 
population. In addition, whereas IL-4 was able to readily induce 
CD23 on both resting and anti-M activated B cells, IL-13 was much 
less efficient under these conditions. 

The transferrin receptor expression was also analyzed on B 
cells cultured for six days in the CD40 system with or without IL-4 
or IL-13. All B cells expressed transferrin receptors (JfR), but two 
populations could be clearly distinguished according to levels of 
expression which were designated TfR low and TfR high In the 
CD40 system alone, 80% of the B cells were TfR low, and 5% TfR high 
In cultures grown with IL-13, 55% of the cells were TfR low and 40% 
were TfR high. In cultures performed with IL-4, 10% of the cells 
were TfR low and 85% were TfR high. 

As sIgD+ B ceUs consist of naive B ceUs, whereas slgD' B cells 
consist of a mixture of germinal center B cells and memory B cells 
the reactivity to IL-4, IL-10, and IL-13 of sIgDH- and sIgD- B cells ' 
was tested in the CD40 system. Both sIgD+ and sIgD- B cells 

T3t^^^ '"'^^'^ »° and IL.40. as measured by 

(^H)TdR incorporation after six days of culture. In contrast IL-13 
preferentially enhanced the anti-CD40 induced DNA synthesis of 

! fn. ""f ; ^-13 and IL-4 were able to induce both 

sIgD+ and sIgD- B cells to secrete IgE. 

Taken together, these results indicate that IL-13 acts 
preferentially on slgD"^ cells and thus acts on a B cell subpopulation 
more restricted in size than that stimulated by IL-4. 

T?i? tL-13 BjplQgical Fffects Art-. TnH . ^nendent of n 

As IL-13 displays many of the biological effects of IL-4 it was 
suspected tiiat it might act either through an induction of IL^l 
secretion or through binding to the IL-4 receptor. To address this 
question, IL-13-induced B cell proliferation was tested in the 
presence of three different IL-4 antagonists: (1) a neutralizing anti- 

^o\r"n r " extracellular domain of tiie 

130 kDa IL-4R [see Garrone et al, Eur. J. Inmunol 27:1365 (1991)]- 
and (3) a blocking anti-130 kDa IL-4R monoclonal antibody TTiese 
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three antagonists blocked by 80-90% the effects of IL-4 on the 
proliferation of anti-CD40 activated B lymphocytes without affecting 
the proliferation induced by IL-13. These IL-4 antagonists also 
failed to block IL-13 induced CD23 expression and IgE production, 
5 while they did totally block that induced by IL-4. 

Induction of B Cell Proliferation Bv or IL>4 and Cos Cells 

Expressing the Human or Mouse CD40 L 

Five X 104 highly purified (> 98% CD20+) negatively sorted 
splenic B cells were co-cultured with 1.6 x 10^ irradiated (7,000 

10 rad) Cos cells transfected with human or mouse CD40-L or the 

empty pJFE-14 vector as control. IL-13 or IL-4 were added at 400 
U/ml. Soluble anti-CD40 mAB89 and the control mAbA4 were used 
at 50 \ig/mh The cultures were harvested 3 days later, after 
addition of [3H1-Thymidine in the last 16 hours of culture. B cells 

15 were stimulated by any of IL-4, COS supematants containing either 
mouse or human IL*13, or combinations of supematants and IL-4 or 
IL-IS. 

Biological effects of IL-13 on human B cell growth and 
differentiation have been described. IL-13 costimulated with anti- 

20 IgM antibody to induce DNA synthesis but its effects were less 

conspicuous than those of IL-2 or IL-4. IL-13, as other cytokines, 
failed to greatly induce the multiplication of B cells activated 
through their antigen receptor. However, IL-13 displayed striking 
growth promoting effects on B cells which were cultured in the CD40 

25 system, which is composed of a fibroblastic cell line expressing the 
human Fc receptor CDw32 and monoclonal antibody to CD40. Under 
these conditions, IL-13 was at least as active as IL-4 and its effects 
on B cells were long lasting, thus allowing the multiplication of 
viable B cells. IL-13 altered the phenotype of activated B cells, as it 

30 induced B cells to express CD23. 

The IL-13 dependent induction of CD23 on CD40 activated B 
cells is not mediated by an anti-CD40 activation, since resting and 
anti-lgM activated B cells can also be induced to express CD23 in 
response to IL-13. However, the proportion of cells expressing CD23 

35 was lower with IL-13 than with IL-4. Likewise, IL-4 induced 
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35 



receptors. IL-13 todoced only half .h= cells ,„ express 
«nsfem„ receptors high densh,. nis indicated tha, IL.,3 was 

I.n ^T"'?'^' ""^ according ,o surface 

liD (sIgD). which disd„g„ishes naive B cells from gerLIal 

:::Me^tion "^go"-B' ::^";r;r"'^ '^"^ 

IL-13 and TT A u "^'^^^'^"^ population target for 

IL 13 and IL-4 could be explained by differential IL-13 and IL 4 

receptors expression, the demonstration of which will awa" the 

production of labelled IL-13 or nf n i^ 

The lower response of Id R ,. '^""^^ 

warrants furtheT anal/sif j^"^ t""^^^ ^"'^ 

synthesis of I,0 and b. B^Ll:^r;dT L 

S™,, however. IL-13 induced anti-CD40 activated' B^!:;;:- to 

The levels of IgE produced in response to IL-13 were 
comparable to those produced in response to IL-4. IL-4 " well as 

c^n Tat' ^^^'"^^ acitiLd B 

ce Is. As a consequence of isotype switching. IL-13 like IL 4 1. 
able to induce sIgD+ to secrete IgE As IL-4 II V .^^ "^'.^^^ ' 

resting B cells to secrete laF 1.1- u ' ^^"^^ 

• ^''^s IL-13 induced IgE 

production contrasts with other studies indicating IL-4t 
sole inducer of IgE synthesis h«„,o 4 as being the 

di^rrih.^ synthesis. However, recent studies have 

described assay systems resulting in the secretion of IgE while IL.4 
was to^Ily blocked by neutralizing antibody. IL-2 h f been 
:rl:;:fr4^^"^'°" '^^^^y^o^occus .«rJa^vated B 

tuls n ^h^t in these 

studies. IL-13 was responsible for these effects 

While IL-13 causes many functions similar to IL.4 on B celk 
the present study demonstrates that these effects .r7 a ? 
Of possible induction of IL-4 secretion oJltr^fl uT^T 

~ :;f; hT"^ "'-^"-^ ^'"'''^''^ blocking do uble 
ix--^ receptor, and blocking anti-IL-4 recentnr o«. k ^ 

6 receptor antibody were unable 
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to affect the action of IL-13 on B cell proliferation and IgE secretion. 

However, it cannot be excluded that IL-13 may share with IL-4 

some common transducer. 

Crosslinking studies have shown the binding of IL-4 to 60-70 
5 and 70-80 kDa components unrelated to the 130 kDa molecule. In 

this context, it is worth noting that both human and murine IL-13 

act on human B cells with similar efficiency, while murine IL-4 is 

species specific. The respective roles of IL-13 and IL-4 in IgE 

production can be determined more particularly when mice whose 
10 IL-4 genes have been knocked out (e.g., IL-4 knock-out mice) are 

studied to determine circulating IgE levels. 

Finally, it will be important to establish whether human IL-13 

is produced only by T cells or if other cell types also produce it. 

Furthermore, IL-13 may be involved in abnormal B cell 
15 proliferation, as occurs in leukemic and autoimmune diseases. Thus, 

agonists or antagonists of IL-13 may be useful in therapeutic 

treatment of such conditions. 

C Modification of Ig Surface Markers on Activated Human BCbHs 

Highly purified B cells were isolated from normal human 

20 spleens obtained from cadaver transplant donors. Splenocytes were 
obtained by aseptically squashing spleens though a sterile metal 
mesh and frozen in aliquots for subsequent use. Highly purified B 
cells (> 98% CD20+) were obtained by negative FACStar Plus Becton 
Dickinson sorting after staining the splenocytes with the following 

25 PE-conjugated mAb: anti-CD3, anti-CD4, anti-CD8, anti-CD14, anti- 
CD 16, and anti-CD56. (Becton Dickinson). 

Human IL-13 was used at 30 ng/ml final concentration. 
Recombinant IL-4 (used at 400 U/ml) was provided by Schering 
Research (Bloomfield, NJ). 

30 Five thousand highly purified B cells were co-cultured with an 

equal number of T cells from clones B21 or spA3, harvested five 
days after stimulation with feeder cells and PHA, in a final volume 
of 0.2 ml of Yssel's medium supplemented with 10% FCS, 10 \ig/m\ 
ultra pure transferrin (Pierce), and 400 U/ml recombinant IL-4. 

35 Cultures were set up in eight replicates in U-bottom 96 well plates 
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(Linbro) and incubated 14 days at 37°C in 5% CO2. At the end of the 
incubation period, the supernatants from each of the eight wells 
were harvested and pooled for isotype determination. In some 
cultures, the T cell clones were replaced by 5 jig of plasma 
5 membranes derived from the T cell clones, or by 50 ^g/ml anti-CD40 
mAb 89. 

Ig content of the supernatants was determined by ELISA as 
described by Gascan et aL, Eur. J. Immunol. 22:1133 (1992) Plasma 
membranes were prepared from the CD4+ T cell clone B21 also as 
10 descnbed therein. The amounts of production of the respective Ig 
isotypes were typically highest when B cells were stimulated with 
membranes in the presence of IL-4. but IL-13 typically had similar 
. effects. The amount of IgG4 production was panicularly high 
though IL-13 seemed to enhance the IL-4 effect on IgE production 
15 after stimulation with T cell clones. 

^ Highly purified sIgD+ splenic B cells (5000 ceUs/well) were co- 
cultured with PJFE14 vector transfected or sorted COS-7 cells (250 
cells/well) transfected with and expressing the human (h) or mouse 
(m) CD40-L. IL-13 (30 ng/ml) and IL-4 (400 U/ml) were added 
20 The sensitivities of the ELISAs (0.2 ng/ml for IgE and IgM 04 
ng/ml for IgG4 and total IgG) were determined with calibrated Ig 
standards (Behring. Marburg, Germany). Both IgG and IgE levels 
were increased by IL-13. 

I>- Effects of CD4n T i panri 

The human CD40 ligand (hCD40-L) was cloned from a cDNA 
library constructed from an activated CD8+ T-cell clone and two 
cDNA's were detected representing a 2.1 kb and a 1.2 kb clone 
Both cDNA clones had identical open reading frames of 261 amino 
acids and differed only in Uie length of their 3' untranslated ends 
and probably represent the 2.1 kb and 1.2 kb transiently expressed 
mRNA species detected by Northern analysis in an activated CD4+ T- 
cell clone. hCD40-L transcripts could also be detected in CD4+ and 
CD8+ T cell receptor (TCR) a? T cells, TCR yb T ceUs. natural kiUer 
cells, monocytes, small intestine, and fetal thymocytes, but not in 
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purified B cells, fetal liver, fetal bone marrow, brain, kidney, or 
heart. 

COS-7 cells transfected with hCD40-L (COS-7/hCD40-L) 
induced human B cell activation as judged by the induction of 
5 homotypic aggregates of Epstein-Barr Virus (EBV) transformed, and 
normal B cells. In addition, COS-7/hCD40-L induced B cell 
proliferation, which was further enhanced by IL-4, or IL-13. IL-13, 
like IL-4, synergized with the mouse and hCD40-L to induce IgM, 
total IgG, IgG4, and IgE, but not IgA production by highly purified B 
10 cells. 

Anti-IL-4 antibodies inhibited IL-4 and COS-7/hCD40-L 
induced Ig production by B cells, but had no effect on IL-13 and 
COS-7/hCD40-L induced B cell differentiation, indicating that IL-13 
and hCD40-L induced Ig production, including isotype switching to 

15 IgE, independently of IL-4. hCD40-L induced B cell differentiation 
was blocked by soluble CD40, confirming the requirement for 
specific engagement of CD40-L. Collectively, these data indicate that 
CD40-L and IL-13 expressed by human CD4+ T helper cells are 
important components of T and B cell interactions resulting in B cell 

20 proliferation, differentiation, and IgE switching. However, the 
distribution of the hCD40-L suggests a broader function of this 
molecule. 

Induction of B cell proliferation and differentiation into Ig 
producing cells requires T cell help. Antigen-specific T cell and B 
25 cell interactions involving binding of the TCR to peptide class II MHC 
complexes in the B cells result in T cell activation. Activated T cells 
deliver both contact and cytokine mediated signals, inducing B cell 
proliferation and differentiation. Once T cells are activated, they can 
interact with any B cell in an antigen independent class II MHC non- 
30 restricted fashion. Lymphokines produced by the activated T helper 
cells do not only determine the amounts of Ig produced, but they 
also direct isotype switching. 

IL-4 is a B cell growth factor which induces human B cells to 
switch to IgG4 and IgE production, whereas TGF-p directs IgA 
35 switching. The human cDNA homologue of P600, a protein produced 
by mouse Th2 clones following activation, has been recently cloned 
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and expressed, as described herein. The human IL-13 protein 
induced human monocyte and B cell growth and differentiation and 

TJrlT'"' "--13 is a non-glycosylated protein 

of 132 ammo acids with a molecular mass (Mr) of 10,000 and is 
5 produced by T cells. IL-13 has no significant homology with other 
cytokines except IL-4. which is -30% homologous. IL-13 like IL-4 
can specifically induce IgG4 and IgE switching in human B cells ' 
independently of IL-4. 

The contact mediated signals delivered by activate T helper 
10 cells can be replaced by anti-CD40 mAbs. One of the contact T 
helper signals is delivered by the CD40 ligand (CD40-L) a 33 kDa 
molecule expressed on activated CD4-H T cells. CD40-L transfectants 
induced proliferation of B cells and induced IgE production in the 
presence of IL-4. Here is described the isolation of human CD40-L 
15 clones from a cDNA library constructed from an activated CD8+ T- 
cell clone. The distribution of the human CD40-L. its ability to 
activate B cells, and its role as a co-activation molecule with IL-13 
compared with IL-4 to differentiate B cells were assessed. Cells 
transfected with the human CD40-L exhibited induced B cell 
^0 aggregation, proliferation, and considerable Ig production, including 
IgE synthesis, in the presence of IL-13. 

ReapentR 

^r'^rj^''^ ^''''''^^ Schering-Plough Research 
(Bloomfield. NJ) and human rIL-13 was provided by W. Dang (DNAX 
Research Institute. Palo Alto. CA). TTie CD40-Ig fusion protein was 
obtained by fusion of the cDNA segments encoding the extracellular 
domain of CD40 to cDNA fragments encoding the human IgGl The 
mAb89 was kindly provided by Dr. J. Banchereau (Schering-Plough 
Dardilly, France). Streptavidin-PE and all antibodies, unless stated ' 
otherwise, were from Becton-Dickinson (Mountain View CA) 
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Cell Purification and Culture 

B lymphocytes (>98% CD20+) were purified from spleen using 
density gradient centrifugation over Ficoll-Hypaque (Pharmacia Fine 
Chemicals, Piscataway, NJ), followed by negative cell sorting using a 
5 FACStar Plus (Becton Dickinson). Surface IgD+ positive cells were 
sorted directly from the negatively sorted B cell population. The 
CD4+ T-cell clone B21 and the CD8+ T-cell clone AlO have been 
described by Roncarolo et al, J. Exp. Med. 167:1523 (1988). In co- 
culture experiments, various numbers of purified B cells were 

10 cultured with different concentrations of COS-7 cells in U-bottom 
96-well trays in 0.2 ml. 

After 10 days, 50% of the medium was replenished, and after 
14 days the supematants harvested and assayed for Ig's by ELISA. 
COS-7 cells were transiently transfected. For CD40-L staining, COS-7 

15 or B21 cells were incubated on ice with 1.4 p.g/ml biotinylated 

CD40-Ig in PBS, 1% FCS for 20 min, washed twice in EBS with 1% FCS, 
and stained with 1/5 dilution of streptavidin-PE, and washed twice 
again. Cells specifically expressing CD40-L were soned using a 
FACStar Plus (Becton Dickinson) before use. 

20 Human and Mouse CD40-L cDNA's 

Mouse CD40-L DNA provided as a PCR product by Dr. N. Harada 
and Dr. R. Chang (DNAX Research Institute) was subcloned into the 
mammalian expression vector pJFE14. The human CD40-L was 
cloned by using the mouse CD40-L cDNA as a probe to screen colony 

25 blots of a cDNA library derived from the CD8+ T-cell clone AlO. To 
make the library, 10^ AlO cells were activated for 8 hours with 10 
^ig/ml con A, harvested, and extracted for RNA. mRNA was purified 
using a Kiarmacia (Uppsala, Sweden) mRNA Purification Kit. cDNA 
was synthesized and cloned essentially according to the 

30 manufacturers instructions using the Superscript Plasmid System 
(BRL. Grand Island, NY) the only modification being the use of 
pJFE14 as the vector for cloning. The library contained 106 
independent clones with an average insert size of 1.4 kb. 
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iSorthem and PCR Anoiy.j. 



25 



30 



RNA was isolated using RNAzol B (CNNA- Bin»..oh . 
TX) according to manufacturer's instruction^ RnaT 
^n^y. and small intestine were froTcZ^.^.J'Z''^; 
cDNA was synthesized using Superscript (BRL) and PPR 

transcripts were 5'-ACA GPA ^ a °' CD40-L 

ACT TGG Cr^ GGA TCA GT^^ "^T/^^ CAT ACA-S", S'- TGG CTC 

Phosphoribosyltrans W '^^T""^ 

.arosirrsf^dr:^^^^^^^^^^^ --^ 

membranes (NEN Research p !^ ^ ^ *° GeneScreen nylon 

manufacturer^^^st^^rs For" N ' ''^^ 
electrophoresed th^Tugh o 85^ - ''''^ 
nitrocellulose (Sc.e^: - " 

probes for Northern and Southern blorr \. ^ ^ ^^^^ 

template a 1.3 kb £ce>RI ^. W ""''^ = 

fragment of pJFEM-Cmn t 
contammg the CD40-L coding region. 

_and rh«r..«^,,>:^„ ,f 

To obtain clones of the human CD40-L ^ ^nvA 
from the CD8+ T-cell clone Ain ^ **«"ved 

CDNA as a probe se" IZu , "^'"^ "'^"^^ ^WO-L 

PnJ- 7* ^^^^ " ^'^^"'^^ -^7:80 (1992) 

Positive clones were present in the library at 0 0059^ . h 
represented predominantly by a 2 1 kb lenaT . "^^'^^ 
additional clone of 1 2 kh / . ^ ^"^ ^" 

identical open refdi g fr j^^^^^ - 

rise to a protein with ^ " .Ified 72 T ' 

0 ^ ^ ^ ^ "Hmoaiiied molecular mass of 2Q7^a tu^ 

predicted amino a^d XucZZTT 

sequences of the human CD40-L cloned here 
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were identical to those reported by HolJenbaugh et al, EMBO J. 
i 7:43 13 (1992); and Spriggs et al., J. Exp. Med. 776:1543 (1992). 

Using a biotinylated human CD40-Fc fusion protein in 
combination with streptavidin-PE, specific expression could be easily 
5 detected of human CD40-L on COS-7 cells transiently transfected 
with an expression plasmid pJFE14 containing the 2.1 kb human 
CD40-L cDNA, but not on control cells transfected with empty pJFE14 
vector DNA. The human CD40-Fc reagent reacted also with COS-7 
cells transfected with the same expression vector containing the 
10 mouse CD40-L cDNA, which is consistent with previous studies, 
indicating cross-species binding of human CD40 to mouse CD40-L. 

The CD40-T. Induces Ho motvnic Aggregation of B Cells and B Cell 
Proliferation 

B cell activation with antibodies to CD40 results in homotypic 
15 aggregation. To determine whether the CD40-L had similar effects, 
COS-7 cells expressing the CD40-L were puriHed by FACS and co- 
cultured with purified B cells or JY cells, an EBV transformed B cell 
line. Indeed, aggregation of JY cells following incubation with the 
COS-7 cells expressing human or mouse CD40-L was observed, 
20 whereas mock-transfected COS-7 cells were ineffective. Similarly, 
purified B cells co-cultured with cells expressing human or mouse 
CD40-L displayed marked homotypic aggregations, whereas B cells 
cultured with untransfected COS-7 cells remained disperse. 

Consistent with the B cell activation observed microscopically, 
25 significant proliferation was obtained when purified B cells were co- 
cultured with COS-7/human CD40-L or COS-7/mouse CD40-L (see 
Table 5). This proliferation was further enhanced in the presence of 
IL-4 or IL-13 . The growth promoting effects of IL-4 and IL-13 
seem to be comparable under these culture conditions. 
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?enf p °^ ^ Proliferation by IL-13 or IL-4 and rn^ 

CeUs Expressing the Human or Mouse CD40-L 



10 



15 



20 



25 



3h 



B + IL-13 

B + IL-4 

B + IL-4 + control mAb 

B + IL-4 + anti-CD40 

COS hCD40-L 
COS mCD40-L 
COS 

B + COS hCD40-L 
B + COS mCD40-L 

B + COS 

B + IL-4 COS hCD40-L 
B + IL-4 COS mCD40-L 
B + lL-4 COS 

B + IL-13 COS hCD40-L 
B + IL-13 COS inCD4G-L 
B + IL-13 COS 



30 



TdR Incorporation 
(c.p.m. X 10-3) 

0.1 + 0 
0.1 + 0 
0.2 + 0 
0.2 + 0 
21-2 + 4.1 

1-1 + 0.2 
1-0 + 0.1 
1.4 + 0.2 

16.9 + 2.4 
17.5 + 2.1 

1.2 + 0.2 

30.7 + 3.8 

35.4 + 4.5 

1.3 + 0.2 

22.5 + 3.0 

33.8 + 2.8 
1.2 + 0.4 



35 



cells n^sr^^ 2T 

veclor as conirol IL-13 or n j T " pJFE-14 

means and s^ndard devi.«oJ ^Xe ^uto^'s"'' 
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IL-13 Induces I g Production bv COS-7/hCD40-L Stimulated B Cells 

COS-7 cells expressing human or mouse CD40-L also induced Ig 
production by highly purified naive surface IgD+ human B cells in 
the presence of IL-4 or IL-13 (Table 6). Considerable levels of IgM, 
5 IgG4, total IgG and IgE, but no IgA were produced. There was no 
IgA production, compatible with previous observations which 
indicated that IL-4 specifically inhibits IgA synthesis under these 
culture conditions. Ig levels induced by IL-13 were in the same 
range as those induced by IL-4. 

10 No Ig production was obtained in the presence of mock- 

transfected COS-7 cells (Table 6). Induction of all Ig isotypes by 
COS-7 cells expressing CD40-L was effectively blocked by CD40-Ig 
(10 ^ig/ml), confirming that specific engagement of the CD40-L is 
necessary for induction of B cell differentiation and Ig production. 

15 Inhibition of total IgG production by CD40-Ig could not be measured, 
since the Ig portion of the CD40-Ig fusion protein gave a strong 
signal in the IgG ELISA. 

Ig production, including IgG4 and IgE production, induced by 
IL-13 in the presence of COS-7/CD40-L cells was not blocked by 

20 anti-IL-4 mAbs (10 ^g/ml), whereas these mAbs strongly blocked 
IL-4-induced Ig production in the presence of COS-7/CD40-L (Table 
6). These results indicate that IL-13 induces Ig production 
independently from IL-4. They also indicate that IL-13 is another 
cytokine that directs naive surface IgD+ human B cells to switch to 

25 IgG4 and IgE producing cells in the presence of a contact-mediated 
costimulatory signal delivered by COS-7 cells expressing the mouse 
or human CD40-L. 



30 
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15 



20 



25 



COS hCD40-L 
COSinCD40-L 
IL-4+COS hCD40-L 
IL^COS hCD40-L+CD40.Ie 
IL-4+COS hCD40-L+anii-IL% 

IL-4+C0S mCD40-L 

IL-4+C0S mCD40-L+CD40-Ie 
IL-4+COS * 

IL-13+COS hCD40-L 
IL-13+COS inCD40-L 
IL-13+COS 

IL-13+COS hCD40-L+antiIL^ 

IL-13 
IL.4 



IgM IgG IgG4 
(ng/ml) 



IgE 



4±2 
<02 
87 + 8 
3±1 
8±3 

64 + 6 
0+0 

51 ± 1 

31+3 

3±3 

48 + 8 

<02 

<02 

<02 



38 + 4 
6 + 0 
195 ±21 
ND* 
28 ±7 

208 ±5 
ND* 
4 + 0 

151 ±9 
100 + 2 
5±0 
167 + 12 
8±1 
7 + 0 
4±1 



12±1 <02 
3±0 <02 
148 + 30 80 + 4 
1-8 ± 1.4 2.7 + ] 
5±3 4+2 



177 + 42 
<0.4 
1 + 0 

127 ±9 
55 ±0 
1 + 1 
111±7 
2±0 
1±1 
2±0 



68 + 7 
<0.2 
<02 

54±7 
37 + 6 
<02 
48 ±4 
<02 
<02 
<02 



Cells/well) «<LtK.L 7£^rS^. °' T"" '=°5-' «"» (250 
(m) CD40-L. IL.I3 no n./^n W or mouse 

IgM. 0.4 „g/ml for Ig04 a„d',ow^^'|f' ^"-^h"*""' '"^ a-d 
calibraltd I. standards fB?l, • w*^' detennined wilh 
*No IgO d4SS^''™f- ^^"burg, 

portio. of CD40.,g flZ^:tjLt" <^ 
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analysis and by PCR. Low levels of hCD40-L mRNA were expressed 
in resting B21 cells. Kinetic studies indicated that the 2.1 kb and 1.2 
kb mRNA species were already maximally expressed within 2 hours 
following activation, irrespective of the mode of activation of the T 
5 cells. 

The expression was somewhat reduced after 4 h. Considerable 
reduction in the CD40-L mRNA expression was observed 7 hours 
after activation, but appreciable levels of CD40-L mRNA were still 
visible 48 h after activation. Activation of the B21 cells by Ca2 + 

10 ionophore plus PMA, Con A, anti-CD3 mAbs plus PMA, or PHA plus 
PMA, did not result in major quantitative differences, or differences 
in the kinetics of the hCD40-L mRNA expression, although it seems 
that activation with Ca2+ ionophore plus PMA is slightly more 
effective. Distribution of the hCD40-L was analyzed by PCR, using 

15 primers complimentary to the coding region of the human CD40-L 
gene. CD40-L transcripts were not present in B cells, brain, kidney, 
heart, fetal liver, or fetal bone marrow, but could be readily 
detected in CD4+ T cell clones, CDS^" T cell clones, a TCR yS T-cell 
clone, purified NK cells, monocytes, fetal thymocytes, and small 

20 intestine. Expression of CD40-L in the small intestine may reflect 
IL-13 production by infiltrating MNC. 

The human CD40-L cDNA, which was cloned and expressed , in 
COS-7 cells is very effective in inducing human B cell activation. 
COS-7/hCD40-L induced homotypic aggregation of EBV-transformed 

25 and normal B cells and B cell proliferation, similarly as observed 
with anti-CD40 mAbs. In addition, differentiation of B cells into Ig 
secreting plasma cells was observed in the presence of IL-4 or 
IL.13. The 2.1 kb hCD40-L cDNA was isolated from a CD8+ T cell 
cDNA library and appeared to be a fulMength clone, which was by 

30 sequence comparison, identical to the 1.8 kb cDNA's described 
earlier. An additional 1.2 kb cDNA clone probably represents a 
second mRNA species of that size which was detected in activated T 
cells and which apparently encodes the same protein. 

The hCb40-L has 80% homology with the corresponding mouse 

35 gene. Interestingly, the hCD40-L has also some degree of homology 
with TNF-a and TNF-p. The positioning of the four cysteine residues 
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difference in the consequences of signaling by CD40 and activated 
CD4+ T cells suggesting that additional T cell surface molecules may 
be involved in productive T-B cell interaction. In fact, the 
transmembrane form of TNF-a expressed on activated CD4+ T cells is 
5 also associated with T cell induced B cell activation and 
differentiation. 

Considering these similarities in functions, it is interesting that 
the CD40-L and the cell surface form of TNF-a are homologous and 
share some structural similarities, as do CD40 and the TNF receptor. 

10 The substantial help given to human B cells by the cloned human 
and mouse CD40-L's is consistent with previous studies, 
demonstrating that signaling through CD40 is of significant 
consequence for B cell survival, activation, and differentiation. The 
mouse CD40-L appears as effective as the human CD40-L in 

15 activating human B cells, which is consistent with the ability of 
murine CD40-L to bind human CD40. The similarity of the protein 
sequences and the ability of both mouse and human -CD40-L to bind 
CD40 cross-species indicates this is an important interaction in vivo 
to be so well conserved. 

20 Human IL-13 cDNA was isolated form die same CD8+ T-cell 

clone library as CD40-L. However, although IL-13 is expressed in 
the CD8+ T cells, far more IL-13 is expressed in CD4+ T cells. The 
potency of the combination of these two novel molecules for 
induction of IgE synthesis, and their abundant co-expression by 

25 CD4+ T cells, together with the prolonged expression of IL-13 mRNA 
following T cell activation may be a mechanism contributing to IgE 
production in vivo and IgE mediated allergic reactions. 

These experiments have focused on the function of CD40-L 
expressed on CD4+ T cells as it relates to B cell activation. CD40-L 

30 expression on cells other than CD4+ T cells, including CD8+ T cells 

from which the gene was cloned, suggests a broader function for the 
molecule than in T-B cell interaction. It is likely that CD40-L is 
expressed on other cell types, and even CD4+ T cells, which will have 
important consequences for their function, rather than just 

35 providing a one way stimulus to CD40 positive cells such as B cells. 
For example CD40-L and CD40 expression, in thymocytes and thymic 
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switching, whereas transforming growth factor-p (TGF-P) directs IgA 
switching. See, e.g.. Van Vlasselaer et al, /. Immunol 148:2062 
(1992); and Defrance et al, 7. Exp. Med. 775:671 (1992). In addition 
to cytokines, contact-mediated signals delivered by CD4+ T cells are 
5 required for B cell proliferation and Ig production. Above, the 
ligand for CD40, which is expressed on activated CD4+ T cells, was 
shown to be one such membrane associated molecule that acts as a 
costimulatory signal for IL-4-dependent IgE production by both 
murine and human B cells. See, e.g., Armitage et al, Nature 557:80 

10 (1992). Moreover, several cytokines, such as IL-2, IL-5, IL-6, IL-8, 
IL-10, IH2, interferon-a (IFN-a), IFN-y, tumor necrosis factor-a 
(TNF-a), and TGF-p modulate IL-4-induced IgG4 and IgE synthesis. 

IL-4 has been thought to be the only cytokine capable of 
inducing IgE synthesis. Out of 16 cytokines tested, IL-4 was the 

15 only one inducing germline or productive e transcripts or IgE 

synthesis. In addition, anti-IL-4 mAbs preferentially inhibit IgE 
synthesis induced by IL-4 producing T cell clones without 
significantly affecting IgM, IgG, or IgA synthesis. Also in murine 
models, anti-IL-4 antibodies strongly inhibit IgE synthesis in vivo 

20 without affecting the other Ig isotypes. Most importantly, IL-4 
deficient mice lack IgE in their sera following nematode infection. 
However, a non-IL-4-producing T cell clone induces germline £ 
transcription in purified B cells indicating that an IL*4-independent 
pathway of induction of. germline e transcription is operational. 

25 IL-13 induces CD23 expression and germline e mRNA synthesis and 
IgG4 and IgE switching in human B cells. 

Reagents 

Human recombinant IL-13 was purified as described herein. 
Recombinant IL-4, IFN-a, and IFN-y were provided by Schering- 
30 Plough Research (Bloomfield, NJ). Fluorescein isothiocyanate (FITC)- 
conjugated anti-CD72 mAb and neutralizing anti-TGF-p mAb were 
purchased from R&D Systems, Inc. (Minneapolis, MN). FITC- and 
phycoerythrin (PE)-conjugated mAbs specific for CDS, CD4, CDS, 
CD14, CD16, CD19, CD20, CD23, CD25, CD56, HLA-DR, and control 
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antibodies with irrelevant specificities were obtained from Becton- 
Dickinson (Mountain View, CA). FITC- or PE-conjugated mAbs 

T^^^^'''"' '^^^-^ B7 (L307), and 

Class I NfflC antigen were kindly provided by Dr. J. Phillips (DNAX) 
HTC-conjugated anti-IgD and anti-IgM mAbs were obtained from' 
Nordic Immunological Laboratories (Tilburg. The Netherlands). The 
purafied anti-CD40 mAb 89 (IgGl) described by Banchereau et al 
5c,e.c. 257:70 (1991). was a gift of Dr. J. Banchereau (Schering-" 
P^ugh France Dardilly. France). The neutralizing anti-IL-4 mAb 
25D2.11 was kmdly provided by Dr. J. Abrams (DNAX). 

Cell Pr eparafinng 

Blood samples and spleens were obtained from healthy 
volunteers or from patients undergoing splenectomy due to trauma 
respectively. Mononuclear cells were isolated by centrifugation ov;r 
H,stopaque-1077 (Sigma. St. Louis, MO). 

Purified B cells were obtained by negative sorting using a 

llZTZTZ'"" '""'^ '''^^"^ ""^ (Becton-Dickinson) or 
magnetic beads (Dakopatts, Norway). Briefly, splenic MNC were 
washed twice and PE-conjugated mAbs against CDS. CD4, CD8. CD14 
CDI6, and CD56 were added at saturating concentrations and 
incubated at 40C for 30 min. The ceUs were washed twice with PBS 
Cells with the light scatter characteristics of lymphocytes were 
gated, and PE- cells were sorted. Alternatively, cells stained with 
mAbs agaanst CD3 CD4. CDS, CD14. CD16. and CD56 were incubated 
for 30 „„„ at 40C with magnetic beads coated with anti-mouse Ig 
mAbs, ^ 

•Die cells bearing murine Ig were removed using a magnetic 
field. The remaining cells were washed, counted, and used in 

bv'^lV'.r Pr''- °' ^ * Po^i^i- sorting 

by FACStar Plus was used. Splenic MNC were stained with PE- 
conjjigated mAbs against CD3, CD4, CDS, CD14. CD16. and CD56 and 
HTC-conjugated anti-IgD mAb, and FITC+. PE- cells were sorted On 
reanalysis. purities of the soned cell populations were >98% and 
that of cells isolated using magnetic beads >95%. 
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The CD4+ T cell clone B21 and the CD4+ non-IL-4 producing T 
cell clone SP-A3 were cultured according to Roncarolo et al, J. Exp. 
Med. 167:1523 (1988). The cells were obtained 4-6 days after they 
had been activated by the feeder cell mixture and PHA. In addition, 
5 IL-2 (100 U/ml) was added to maintain the activation state of the T 
cell clones. 

Preparation of T Cell Memhranes 

The membranes of a CD4+ T cell clone were prepared according 
10 to Gascan et al, Eur. J. Immunol. 22:1133 (1992). Briefly, the CD4+ T 
cell clone B21 was harvested 12 days after activation with feeder 
cell mixture and phytohemagglutinin (PHA), the cells were washed 
and restimulated with 10 ^g/ml of Concanavalin A (Con A) for 7-8 h 
at 37° C. During the last 30 min of the Con A stimulation, 100 ^g/ml 
15 of a-methyl-D-mannoside (Sigma, St. Louis, MO) was added. From 
these cells, membranes were prepared using the method described 
by Brian, Proc. Natl. Acad. ScL USA 55:564 (1988); and Maeda el 
al.. Biochim. Biophys. Acta 731:115 (1983); and they were stored 
under liquid nitrogen (1 x 108 T cell equivalents/ml = 0.2 mg 
20 protein/ml membrane preparation) until used. 

Culture Conditions 

Purified B cells were cultured at 5000 cells/well in 
quadruplicate, in round-bottomed 96-well plates (Linbro, McLean, 
VA) at 37'*C in a humidified atmosphere containing 5% CO2 in 0.2ml 

25 Yssel's medium supplemented with 10% fetal calf serum (FCS). 
Unfractionated PBMNC were cultured at 10^ cells/well in 12 
replicates. In coculture experiments, the CD4+ T cell clone SP-A3 
was cultured at 5000 cells/well (T:B cell ratio 1:1). After a culture 
period of 12 days, Ig levels in the culture supematants were 

30 measured by ELISA. 
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B cells. These effects of IL-13 were similar to those observed by 
IL-4. CD23 expression was already detectable after a culture period 
of 24 h, but maximal responses were observed after 72 h of culture. 
The expression of CD19, CD20, CD25, CD40, class I MHC antigen, B7, 
5 ICAM-1, LFA-1, and LFA-3 were not significantly modified by IL-13. 

IL-13 Induces Tg H Svnthesis hv PR\fNr 

Because CD23 expression on B cells has been associated with 
IgE synthesis, IL-13 was tested for induction of IgE synthesis by 
human PBMNC. As shown in Table 7, IL-13 induced IgE synthesis 

10 by unfractionated PBMNC in a dose-dependent manner in the 

absence of exogenous IL-4. In addition, strong IgG4 production in 
response to IL-13 was observed. 

Neutralizing anti-IL-4 mAbs failed to inhibit IL-13-induced 
IgE synthesis, whereas IL-4-induced IgE production was virtually 

15 completely blocked, indicating that IL-13-induced IgE synthesis was 
not mediated through induction of IL-4 production by PBMNC. See 
Table 8. Similarly to IL-4, maximal induction of IgE synthesis by 
IL-13 was usually obtained at concentrations of 50 U/ml. The mean 
level of IgE produced in response to IL-13 was somewhat lower (63 

20 ng/ml, n=6) than that induced by IL-4 (169 ng/ml, n=6). No 

additive or synergistic effects were observed when both IL-4 and 
IL-13 were used at saturating concentrations. 
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Table 7: Induction of IgE and IgG4 Synthesis By IL-13 

IgE (ng/ml) I2G4 fnp/mn 

Medium <02 31 ±14 

IL-13 62±17 413±138 
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IsE Synthesis fnp^»,|^ 

Medium 

IL-13 (0.5 U/ml) 

IL-13 (5 U/ml) f?-2 
IL-13 (50 U/ml) 

IL-13 (500 U/ml) 35±13 

IL-13 (500 U/ml)+ami-IL-4 mAb 26±5 

IgE Synth esis rnp ,^mi) 

Medium 

IL-4 (0.5 U/ml) 

IL-4 (5 U/ml) 

IL-4 (50 U/ml) f " 

IL-4 (500 U/ml) !5f±I3 



4 (500 U/ml)+anti-IL-4 mAb 



71 + 1 1 

75±10 
4±1 
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IgG4 and IgE synthesis by human B cells in the absence of IL-4, and 
indicate that IL-13 acts directly on B cells to induce lgG4 and 
synthesis. Furthermore, these results strongly suggest that IL-13 
induces Ig isotype switching to IgG4 and IgE in an IL-4-independent 
manner. 

To confirm that IgE synthesis observed in above experiments 
was due to Ig isotype switching and not to an outgrowth of a few 
IgE-committed B cells, the effects of IL-13 on naive sIgD+ B cells 
were studied. Culturing of highly purified sIgD+ B cells with the 
activated, non-IL-4 producing T cell clone SP-A3 in the presence of 
IL-13 resulted in induction of IgE synthesis. In addition, IL-13 
enhanced IgG4 synthesis induced by this non-IL-4 producing T cell 
clone alone. As was demonstrated for PBMNC. IL-13-induced IgG4 
and IgE synthesis could not be inhibited by anti-IL-4 mAbs. 

Induction of Germli ne e Trangcriminn hy 

So far, IL-4 has been the only cytokine known to induce 
germline e transcription in B cells. Since switching to e by IL-4 is 
preceded by the induction of germline e RNA synthesis, it was 
hypothesized that IL-13 would induce germline e transcription as 

20 well. Indeed, when highly purified B cells were cultured in the 

presence of IL-13 and anti-CD40 mAbs, germline e mRNA synthesis, 
at levels comparable to that in the presence of IL-4 and anti-CD40 
mAbs, was detected after a culture period of five days (see Tables 9 
and 10). Since anti-CD40 mAbs alone did not induce germline e 

25 transcription in B cells, these results indicated that IL-13 is another 
T cell-derived cytokine that, like IL-4, could induce germline e 
transcripts in B cells. In addition, these results confirmed the 
correlation between germline e transcription and subsequent 
switching to IgE synthesis. 

30 
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Medium 

anti-CD40 (10 \ig/ml) 
10 anti-CD40 (10 ng/ml) 
+IL-I3 (400 U/ml) 



IgM . 




IbG4 


. IgE 


<1 


<l 


<0.2 


<0.2 


<1 


<i 


<0.2 


<0.2 


5±2 


10±3 


2±2 


1±1 



15 



20 



25 



30 



35 



<i 
<i 
<i 
<i 

8±2 



Sorted CD19+, sIgM+ fetal B cells: 

leM 

Medium 
B21 

B21+IL-13 

B21+IL-7 

B21+IL-7+IL-13 

B21+IL-7+IL-13 
+anti-IL-4 mAb 7±2 

Sorted CD19+, sIgM+ fetal B cells: 



Medium 
B21 

B21+IL-13 
B21+IL-7 

B21+IL-7+IL-13 
B2I+IL-7+IL-13 
+anti-IL-4 mAb 



IgG 

<1 

<1 

<1 

<1 

23±6 
21±4 



IgG4 

<0.2 

<0.2 

<0.2 

<0.2 

6±2 

2±1 



IgE 

<0.2 

<0.2 

<0.2 

<0^ 

2±1 

2±1 



UM 


IgS 


IsQA 


Igg 


<i 


<1 


<0.2 


<0.2 


<i 


<1 


<0.2 


<0.2 


<i 


<1 


<0J2 


<0.2 


<i 


<1 


<0.2 


<0.2 


5±1 


6±1 


2±1 


1±1 


6±1 


3±2 


1±1 


2+1 
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Eff^Pl Of JL-12 on TL-13 Phis Ant i-CD40.inri..rPd IgE SvnfhP^ f^ 

Ten thousand highly purified B cells were cultured in the 
presence of anti-CD40 monoclonal antibodies (20 ^g/ml) and IL-13 
5 (400 U/ml) or IL-4 (400 U/ml). COS supernatant containing IL-12 
or mock COS supernatant was added, and IgE was measured by 
ELISA after 14 days of culture. IL-12 decreased the IL-13 effect, 
while increasing the IL-4 effect. 

IL-4 has been considered the only cytokine to induce IgE 
10 switching in human or murine B cells. This was based on studies 

showing that anti-IL-4 mAbs preferentially block IgE synthesis both 
in vitro and in vivo, and on the observation that no circulatory IgE 
could be detected in mice, in which the IL-4 gene had been 
disrupted. It was found, however, that IL-13 -induced IgE synthesis 
is independent of IL-4, since IL-13 induced IgG4 and IgE synthesis 
in cultures of highly purified B cells in the absence of exogenous 
IL-4. In addition, anti-IL-4 mAbs. which efficienrty" blocked IL-4- 
induced IgE synthesis, failed to affect IL-13-induced IgE production. 
Moreover, IL-13-induced IgG4 and IgE synthesis, like that induced 
by IL-4, reflects Ig isotype switching and is not due to a selective 
outgrowth of a few B cells committed to IgG4 or IgE synthesis, since 
IL-13 also induced IgG4 and IgE synthesis by naive, sorted sIgD+ B 
cells. 

Switching to IgE by IL-13 was preceded by induction of 
germline e mRNA synthesis, but costimulatory signals provided by 
activated T cells were required for induction of IgE production. This 
is consistent with studies showing that IL-4-induced switching to c 
in both murine and human B cells is preceded by the induction of 
germline e RNA synthesis, and that co-stimulatory signals provided 
by activated CD4+ T-cell clones or anti-CD40 mAbs are required for 
the induction of productive e mRNA transcripts and IgE synthesis by 
IL-4. Although their exact role remains to be determined, it has 
been suggested that germline e transcripts play an important role in 
the e-switch process. 
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Despite the fact .hat IL-4 has been considered to be the onlv 
cytolune to ,„duce ge™ii„. e ,™,scrtption in B ceUs, an IL 4 ' 
mdependem pathway of induction of genuine . transcription is 
operanonal. sitKe a non-IL^ producing T cell clone was also capable 
5 Of .ndnctng strong germline ^ RNA synthesis. It is like., Z 7-n 

the IL-4-,„dependen. rndnction of germli,,e s mRNA in B cells Ite 
present f«dings may also explain why induction of IgE synthesis by 

lower levels e.g., below dueshold levels for adverse side effects 

No additive or synergistic effects on IgE synthesis were 
observed when n..4 and IL-13 were added 'togeL a" .^ull 
15 concentranons. snggesting that IL-4 and IL-IS mav use c^T 

Signaling pathways for indncdon of IgG4 a^d J Lit . 
recent s«,dies have shown that recep ors for nfu TnTl'4 s^ ' 

IL 13 did not bind to ceUs bearing the 130 tDa IL-4 receptor 
0 .nd,ca„„g that IL-13 does not act through Ms IL.4 bin rprotein 
The commonality between IL.I3 and IL.4 was further 
supported by the observation that IL-13, like IL-4. indu^ CD23 
express-on on purified B cells. Similarly to IL-4. ^-13^0 
upregulated expression of class II MHC antigen sIsM and mT> 
^ Which is dre Hgand for CD5. Although the eL^ ^le of ^2^^,^ 

cotrelanon between CD23 expression and induction of IgE Zthesis 

sTnth c '°™' »f f^"" .0 enh nee iS 

syn,hes,s. w 1-13 indue«l signfficant expression of CD23 w 1 

IL^3-nd„ced . swching, thereby confirming the collation 

Despite the simtlanfes between lL-4 and IL-13 in their 
^fms on B ceUs. the functions of 1-4 and 0.-13 ar "ot dlca. 
^e levels of IgG4 and IgE p,«luced in response to n,-l w re 
Senerally lower Utan those induced by n.-4. Moreover. p^ Lary 
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results indicated that IL-13, in contrast to IL-4, does not act on T 
cells or T-cell clones. IL-13 has no obvious T cell growth promoting 
activity and appears not to induce CD8a expression on CD4+ T-cell 
clones, which may be due to lack of functional IL-13 receptors on T 
5 cells. The activation state of T cells was essential for their ability to 
deliver co-stimulatory signals required for B cell proliferation and 
differentiation. Therefore, the lack of T cell activation inducing 
effect of IL-13 may partially explain why maximal IgG4 and IgE 
synthesis by PBMNC in response to IL-13 was lower than that 

10 induced by IL-4. 

These data seem to be incompatible with the finding that IL-4 
deficient mice have no detectable circulatory IgE following 
nematode infections. However, it is not clear whether IL-13 also 
induces IgE synthesis by murihe B cells. Preliminary data showed 

15 that IL-13 was produced for much longer periods than IL-4 

following T cell activation, suggesting an important role for IL-13 in 
the regulation of enhanced IgE synthesis in allergic individuals. 

rV. Activities on PBMr and Macrophages 

A. Induction of Mogrh olopical Change in Non-adherent Human 

20 PBMC! 

Peripheral blood mononuclear cells (PBMNC) were isolated 
from normal health human donors by centrifugation over Ficoll- 
Hypaque. Total PBMNC (1 x 108 cells) were incubated for 30 
minutes at 37**C in 10 mm tissue culture dishes. Nonadherent cells 

25 were removed by extensive washing of the dish with phosphate 
buffered saline (PBS). Adherent cells were incubated in Yssels's 
medium Yssel et al.,J. Immunol. Methods 72:219 (1974) with 1% 
human AB serum alone, or with mouse P600 derived from E. coli (lot 
560-137-1; used at a concentration of 30 ng/ml), as described 

30 above. Alternatively, COS-7 derived mouse P600 or human IL-13 
was used at a final dilution of 1/20. Cells were observed at regular 
intervals. 
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^' ^Modification of Tell Snrf... r^...... ^„ Nnn..HK.,..^ 
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Five or ten days after nonadherence selection as described 
above, the resulting cells were analyzed for expression of cell 
surface markers by fluorescence activated cell soning (FACS) eg as 

Spits e/ a/.. Eur. /. /;„;„«„^/. ^^,229 (1984)]. CDllc (pl50; NGH 
93, see Visser et al.. Blood 74:320 (mm CD54 [ICAM; LB2 sT 

ft^m Sera Labs, see also Barnstable . al. Cell 14:9 (197 ^,^0^' U 
I^cTvsTl^^^^^ " <^^««>^^ Class 

View CAV cm. 

BBIO "^^^^ j^""^^ fr^"* DNAX. Palo Alto, CA), IL-2Ra [7G7- or 

BBIO, see Herve al.. Blood 75:1017 (1990)], CD44 [Nkl-P see 
Vennegoor er ai. J. Immunol. 148:1093 (1992)]. CDli (LeuM3 

fnTCrr; T T ^"^^^ ^"^ ^^^^^ 

m Azuma et al., J. Immunol. 149:1115 (1992)]. 

Mouse P600 material from either rn<j 7 c 

IL-13 (P600) was assayed by its inhibitiory effect <,» the 
pr«.uc.K.„ o, „|«c oxide (NO) by OM-CSF^eri'ed bone 
n^acropbages. Tbe tnacropbages were derived by 9-12 daTct^ture 
m RPMI con,a.n„, gm-CSF and purified by „tena<» 
OM-CSF-responsi»e fraction. CeUs were 9«*a ^ 
by FACS analysis „si„, .w„ co.or s.aTng '"^"^ 

witb or 

wuioa, pnor sumulation with cytoldnes, as indicated The 
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macrophages were incubated for 16 h with the cytokines (if used) 
16 h prior to treatnrient with LPS. Supematants were taken at the 
indicated times relative to LPS addition, i.e., 0 h is the time of 
addition of LPS. 

5 Supematants were assayed for NO production by the standard 

Griess assay for nitrites. See, e.g.. Coligan, Current Protocols in 
Immunology, (1991 and periodic supplements) GreeneAViley, New 
York. Addition of cytokines after addition of LPS to the macrophage 
cultures or at the time of LPS addition has been tested; under these 

10 conditions, none of the cytokines tested (including IL-13) had 
significant effects. Other macrophages were also tested, but since 
they generally produced lower levels of NO, they were not used as 
extensively for bioassay. 

Table 11, part A shows NO production from GM-CSF-treated 

15 bone marrow derived macrophages after treatment for 16 ~h with 
designated cytokines. Note that IFN-y induced NO production, while 
IL-4 or IL-13 inhibited NO production. L-NMMA is -a specific 
inhibitor of NO production. Parts B and C are similar experiments 
titrated over different ranges of P600 amounts. In each case, the 

20 IL-13 decreased the production of NO. 
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Table 11: NO from GM-CSF-derived Macrophages 
Treatment q hours 24 hours 

_A 

medium 
+ LPS + DFN-y 
+ LPS + IL-4 
+ LPS + L-NMMA 
+ LPS + IL-13 
+ LPS 

_B 

medium 
LPS 

LPS + L-NMMA 
LPS + IFN-y 
LPS + IL-4 

LPS + P600 (25 ng/ml) 
LPS + P600 (50 ng/ml) 
LPS + P600 (100 ng/ml) 



(nM) 
48 hours 



1.551 


3.638 


3.103 


3.852 


10.057 


9.576 


1.016 


1.016 


3.798 


0.963 


0.802 


0.000 


0.856 


0.802 


0.321 


0.963 


4.708 


5.189 



0.000 


0.144 


0.190 


0.193 


4.826 


8.253 


0.144 


0.482 


0.145 


0.917 


11.872 


14.189 


0.000 


4.633 


7.095 


0.000 


2.992 


4.537 


0.000 


3.282 


4.730 


0.261 


3.137 . 


4.488 



medium 
LPS 

LPS + IFN-y 
LPS + L-NMMA 



LPS 
LPS 
LPS 
LPS 
LPS 



IL-13 (400 pg/ml) 
IL-13 (2 ng/ml) 
IL-13 (10 ng/ml) 
IL-13 (50 ng/ml) 
IL-13 (250 ng/ml) 



0.705 
0.766 
2.359 
0.643 
0.306 
0.674 
0.643 
0.613 
0.613 



2.512 
2.390 
10.509 
0.735 
1.225 
1.225 
1.164 
1.072 
1.134 



2.757 
2.665 
15.319 
0.950 
1.562 
1.593 
1.532 
1.409 
1.409 
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D. Modulation of IL-1«! n.-6 

5 IL-13 inhibits the production of IL-la. IL-6, TL-I Q. and TNF« hy 
LPS activated human monocytes 

Peripheral blood mononuclear cells were isolated from normal 
healthy donors by centrifugation over Ficoll-Hypaque. Total PBMNC 

10 (100 X 106 cells/100 mm tissue culture dish) were incubated for 30 
min at 37* C and subsequently nonadherent cells were removed by 
extensive washing of the tissue culture dish with PBS. Adherent 
cells were incubated in Yssels medium with 1% human AB serum in 
the absence or presence LPS (£. coli 0127:B8, Difco, Detroit, MI) in 

15 combination with lL-4 (50 ng/ml), IL-13 (50 ng/ml), or IL-10 (100 
U/ml). In addition, cells were activated by LPS in combination with 
IL-4 or IL-13 in the presence of neutralizing anti-IL-10 mAb 19F1 
(10 ng/ml). Supematants were collected after 12 hrs and 
production of IL-la, IL-6, IL-10, and TNF-a was measured by 

20 cytokine-specific ELISA. Table 12 shows the results of these studies. 
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Table 12: Effect of IL-13 on the Producuon of IL-la, IL-6, BL-IO. 
and TNF-a by LPS Activated Human Monocytes. 



5 





IL-la 


IL-6 


IL-10 


TNF-a 


Medium 


(ng/ml) (ng/mn 




0 


0 


0 


0 


LPS 


8.1 


54.4 


35.4 


2.2 


LPS + IL-4 


1.7 


33.1 


30 


0.7 


LPS + IL-13 


2 


35.4 


22 


0.5 


LPS + IL-10 


0 


8.6 




0 


LPS + aIL-10 mAb 


12 


101 


ND 


10.6 


LPS + aIL-10 mAb + IL-4 


3.7 


59.5 


^D 


1.2 


LPS + aIL-10 mAb + IL-4 


5.4 


79.5 




1.5 



20 



15 These results indicated that IL-4 and IL-13 inhibited the 

production of IL-la, IL-6, IL-10, and TNF-a by LPS activated human 
monocytes. IL-IO also inhibited the production of IL-la. IL-6. and 
TNF-a by LPS activated human monocytes. IL-10 was product by 
human monocytes and inhibited IL-la, IL-6. and TNF-a in an 
autoregulatory fashion. Addition of IL-10 neutralizing mAb 19F1 
showed that endogenously produced IL-10 also inhibited the 
production of IL-la, IL-6, and TNF-a. The inhibitory effects of 
IL-4 and IL-13 on cytokine production by LPS activated human 
monocytes were independent of IL-10 since IL-4 and IL-13 
inhibited the production of IL-la, IL-6. and TNF-a in the presence of 
neutralizing anti-IL-10 mAb 19F1. 

^- Antibody Depenrient C^ n -medintRd rytotoTirity f>\p rr> 

The present experiments investigate the effects of IL-13 alone 
or m combination with IL-4, IFN-y. or IL-10 on human monocytes. 
IL-13 mduced significant changes in the phenotype of monocytes. 
Like IL-4, it enhanced the expression of CDllb, CDllc. CD18 CD29 
CD49e (VLA-5), class D MHC, CD13, and CD23 whereas it dwrreased 



25 



30 



BNSOOCIft «WO___940«80*1 J_, 



wo 94/04680 PCr/US93/07645 

95 



the expression of CD64, CD32, CD16, and CD14 in a dose-dependent 
manner. IL-13 induced upregulation of class II MHC antigens and 
its downregulatory effects on CD64, CD32, and CD16 expression were 
prevented by IL-10. IFN-y could also partially prevent the IL-13 
5 induced downregulation of CD64, but not that of CD32 and CD 16. 
However, IL-13 strongly inhibited spontaneous and IL-10 or IFN-y 
induced antibody dependent cell-mediated cytotoxicity (ADCC) 
activity of human monocytes toward anti-IgD coated Rh+ 
erythrocytes, indicating that the cytotoxic activity of monocytes was 
10 inhibited. 

Furthermore, IL-13 inhibited production of IL-la, IL-lp, IL-6, 
IL-8, IL-10, IL-12 P35, IL-12 P40, GM-CSF, G-CSF. IFN-a and TNF-a 
by monocytes activated with LPS. In contrast, IL-13 enhanced the 
production of IL-IRA by these cells. Similar results on cytokine 

15 production were observed or have been obtained for lL-4.~ Thus 
IL-13 shares most of its activities on human monocytes with IL-4, 
but no additive or synergistic effects of IL-4 and IL.-13 on human 
monocytes were observed suggesting that these cytokines may 
share common receptor components. Taken together, these results 

20 indicate that IL-13 has anti -inflammatory and immunoregulatory 
activities. 

Activated T cells secrete a number of biologically active 
polypeptides, which regulate the proliferation, differentiation and 
function of cells participating in immune responses against antigens. 

25 T cells producing IL-2, IL-3, IL-4, IL-5, IL-6, IL-10, IFN-y, GM-CSF, 
and TNF/LT simultaneously following antigenic or polyclonal 
stimulation have been described in both mouse and man. These T 
helper cells were designated ThO cells in order to distinguish them 
from the more specialized Thl and Th2 subsets. Murine Thl cells 

30 produce IL-2, EFN-y, TNF/LT, IL-3, and GM-CSF which supports their 
function as regulatory and effector cells in cellular immune 
responses such as delayed type hypersensitivity (DTH) whereas Th2 
ceUs produce IL-4, IL-5, IL-6, IL-10, IL-3, and GM-CSF which makes 
them suitable for providing help to B cells in the production of 

35 immunoglobulins of different isotypes. 
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™„fil k"™"' y '^5"'>""= production 

profiles have ako been isola«d from patiems wid, inflammatory or 

5 ™/"''™/'™"' <«ff™nc«. Depending on 

5 thetr n,«le of acvadon. ThI clones generally could sdll produce low 

normal ouantrtres of IFN-y. However, a clear imbalance in the 
producoon ratios of IL-4 and IFN-y by Th2 clones was observed 
following antigenic stimulation. Therefore human T cell clones were 

ZTL^'^^r'r '""^ "^-^ »' 'ow tvir 

levels of IFN-y and high levels of IL.4 n,2 "like- cells 

Forthermore. IL-IO which is exclusively produced by TTiO and 11,2 T 

«11 subsets in the mouse, is produced by 7*0. Th, -.ike-. ^ ' 

15 hke subsets m man. 

n. 3. which ,s reUM ,0 the mouse P600 protein. Both human 

^flL ? ^ "'""•S'^^'y -«ve and 

anected human monocyte and B cell funcdons 

20 The biological acdvities of mouse and human 11-13 on human 

monocytes were further characterized and compared to fliosc of 
IL-4 IL-IO. and IFN-y, other cytokines with stimtilalory of 

TNF-a following acuvation by LPS. whereas it induced the 
production of IL-IRA. These results indicate that IL-13 has anti 
inflammatory activities and may play an imponant regula^^^^^^^^ 
m immune responses. ^ 

° Isolation and CulturP. nf Mnnnnii 

he.hh"T" from peripheral blood of 

healthy donors by centrifugation over FicoIU-Hypaque and 

100 mm tissue culture dish in Yssel's medium supplemented with 
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human serum albumin (HSA) and 1% pooled human AB+ serum and 
incubated at 37** C for 30 min. This culture medium was endotoxin 
free as determined by the Limulus amoebocyte lysate assay (< 0.2 
ng/ml of endotoxin). Subsequently, nonadherent cells were 
5 removed by extensive washing and cultured in Yssel's medium with 
HSA and 1% pooled human AB serum as indicated. Alternatively, 
highly purified human peripheral blood monocytes were obtained 
from 500 ml blood of normal donors by centrifugal elutriation. 

Mononuclear cells were isolated by density centrifugation in a 

10 blood component separator, followed by fractionation into 

lymphocytes and monocytes. The monocyte preparation was > 95% 
pure, as judged by nonspecific esterase staining and contained more 
than 98% viable cells. These monocytes were cultured in Yssel's 
medium with HSA and 1% pooled human AB+ serum at a 

15 concentration of 4 x 106 cells/ml in teflon bags (Jansen MNL, St 
Niklaas, Belgium), which prevented adhesion of these cells. After 
culture for the times indicated, monocytes were collected and 
analyzed for cell surface expression by indirect immunofluorescence 
or analyzed for lymphokine gene expression by Northern and PCR 

20 analysis. In addition, monocyte culture supematants were collected 
for determination of IL-la, IL-lp, IL-6, IL-8, IL-10, TNF-a, GM-CSF, 
G-CSF, and n.-lRA production following activation of these cells by 
LPS (E. coli 0127:B8) (Difco, Detroit, MI) at 1 jig/ml. The viability of 
the cells after culture always exceeded 95% as determined by 

25 trypan blue exclusion. 

Reagents 

Recombinant human and mouse IL-13 were expressed in £. 
coli as insoluble aggregates of glutathione-S-transferase fusion 
proteins, extracted by centrifugation, solubilized, and subjected to 
30 renaturation prior to digestion with thrombin to remove the N- 

terminal fusion part. Subsequently, proteins were purified by cation 
exchange and gel filtration chromatography, which resulted in active 
human and mouse IL-13. Purified human r-IL-10, r-IL-4, and r- 
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aZs <'»«')). "-O -U-IL-.O „,Ab 9F1 

«udies on (he expression of cell surface markers: SPV-L7 fCDIl, 

Eur. . hmuno , ISAUl (,985)). CLB FcR g,™-, [CD16- Halfi' , 

/. In,m^,. M4J99 (1990)), gp25 (CD23; Bonnefoy « !^T^ 
Immunol. 23B:1910 (1987)1 IV 5 rrr^in. i ' 
«tf:1641 (1986)1 322 frnj f i ' " "'■ '»"«"«"■ 

2d;:,285/(S, olr^^™."''''^ 
/^5:H21 (,980)), PdV5 2 " ""V ' 

Immunol. i7:1317 (1987H moo ' " • ^"'^ ■'■ 

Dickinson (San Jose. CAX *'"°»- 



Prober 



^-''-descHbe..y;j':^^^.^;,':^'^-2;«r"^ 

25 i74;1209 (1991). •""•yi « J. Exp. Med. 

The following oligonnclotides were nsed to delect 
im-o: S'-TTCTOGCTCTOAOOAAArACT-S' („, 360-378). 
n..lRA: 5'-GTCAArrrAGAAOAAAAGATAGATCTCG-3. („. 207-234) 
n-12 MS: 5'.AATGGGAGrrGCCTGOCCTC-3' (n. 488-507) 
30 IL-12 P40: 5'.TAAGACCnTCTAAGAl«CGAGGCC.3. (n. 417-44,). and 
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TGF-pl : y^XjACHDCroAGGCCGACTACrACGCCAAGGAGGTCACC^XjC-^ 
(nt 1131-1170). 

mRNA isolation and Northern analysis 

Total RNA was isolated from 20 x 10^ monocytes by a 
5 guanidinium thiocyanate-CsCl procedure. For northern analysis, 
10 Jig total RNA per sample was separated according to size on 1% 
agarose gels containing 6.6% formaldehyde, transferred to Nytran 
nylon membranes (Schleicher & Schuell, Keene, NH), and hybridized 
with probes, labelled to high specific activity (> 10^ cpm/mg) by a 
10 hexamer labelling technique. Filters were hybridized, washed under 
stringent conditions, and developed. 

PCR Analysis 

One microgram of total RNA was reverse transcribed using 
oligo (dT)i2-18 as primer (Boehringer Mannheim, Indianapolis, IN) 

15 and AMV reverse transcriptase (Boehringer Mannheim) in a 20 \il 
reaction volume. Two microliters of reverse transcript (equivalent 
to 100 ng of total RNA) was used directly for each amplification 
reaction. Conditions for PCR were as follows: in a 50 fil reaction 
volume, 25 nmol of each primer, 125 fiM each of dGTP, dATP, dCTP, 

20 and dTTP (Pharmacia, Uppsala. Sweden), 50 mM KCl, 10 mM Tris- 
HCl, pH 8.3, 1.5 mM MgCl2, 1 mg/ml gelatin. 100 fig/ml non- 
acetylated BSA, and 1 unit Vent DNA polymerase (New England 
Biolabs, Beverly, MA). 

Primers used to amplify IL-la, IL-lp, IL-6. IL-8. IL-10, TNF-a, 

25 GM-CSF, G-CSF, and P-actin have been described previously by de 
Waal Malefyt et al, J. Exp. Med. 174:1209 (1991). The following 
primers were also used: IFN-a sense primer: 5'- 
GCTGAAACCATCCCTGTC-3' (nt 161-178), IFN-a antisense primer: 
5*-CTGCTCTGACAACCTCCCAG-3' (nt 450-430). IL-IRA sense primer: 

30 5'-GCAAGCCTTCAGAATCTGGGATG.3' (nt 118-141), IL-lRA antisense 
primer: 5'-GATGTTAACrrGCCTCCAGCTGGAGTC-3' (nt 344-319), IL-12 
P35 sense primer: 5'-CTTCACCACTCCCAAAACCTG-3' (nt 281-302), 
IL-12 P35 antisense primer: 5'-AGCTCGTCACTCTGTCAATAG-3' (nt 
813-792), IL-12 P40 sense primer: 5'-CATTCGCTCCTGCTGCTTCAC-3' 
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(nt 337-358), IL-12 P40 antisense primer: 5'- 

^A^n^'''^'''''''^'''^^^-^' ^°3-582), TGF-pi sense primer 
5-ACCGGGTGGCCGGGGAGAGTGC-3' (nt 1097-1118). TGF-pi antisense 
pnmer 5 -GCCGGTrGCTGAGGTATCGCCAGG-3' (m 1399-1376) 
5 Reactions were incubated in a Perkin-Elmer/Cetus DNA 

Thermal cycler 9600 for 25 cycles (denaturation 30 s at 94»C 
annealing 30 s at 55»C, extension 60 s at 72°C). Forty microliter of 
each reaction was loaded on 1% agarose gels in TAE buffer and PGR 
products were visualized by ethidium bromide staining 
10 Subsequently, gels were denatured in 0.5 M NaOH 1 5 M NaCl 
neutralized in 1 M ammonium acetate, and transferred to Nya-an 
nylon njembranes. Membranes were pre-hybridized in 6 x SSC, 1% 

0^% BSA nen. f '^'l^ ^'"^ Polyvinylpyrrolidone, 

0.2% BSA. pentax fraction V), and 200 ng/ml £. coli tRNA 

15 (Boehringer. Mannheim. FRG) for 4 h at 55''C. 

Oligonucleotide probes (200 ng). specific for a sequence 
intenial to Uie primers used in the amplification, were labelled at 
%P 1^ polynucleotide kinase (New England Biolabs) and 

y- ^P-ATP (Amersham. Arlington Heights, IL). Probes were 

roZnlpI"" "^"■r'"'"''' ""'^^^^^'^^ P'^-Se over a Nick 
column (Pharmacia. Uppsala, Sweden) and added to the 

hybndization mix. Following hybridization for 12 hrs at SS-C 
filters were washed in 0.1 x SSC (1 x SSC: 150 mM NaCl, 15 mli Na- 
25 ^''5'1^. 7 0), 1% SDS at room temperature, and exposed to Kodak 
XAR-5 films for 1-2 hrs. In addition, signals were quantified on a 
Molecular Dynamics phosphor-imager (Molecular Dynamics 
SunnyvaIe,CA) 



30 
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The production of cytokines by monocytes was determined in 

specfic ELISA s and their sensitivities were the following: IL-la 

(10 pg/ml); IL-ip, Cistron (Pine Brook. NJ) (20 pg/ml)- IL-6 
Genzyme (Boston, MA) (0.313 ng/ml); IL-8. R&D Systems ' 
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(MinneapoUs, MN) (4.7 pg/ml); G-CSF. R&D Systems (Minneapolis, 
MN) (7.2 pg/ml); IL-IRA, R&D Systems (Minneapolis, MN) (12.5 
pg/ml); GM-CSF, Bacchetta et at., J. Immunol. 144:902 (1990), (50 
pg/ml); and IL-10 (75 pg/ml). 

5 Immunofluorescence Analv?sis 

Cells (105) were incubated in V bottom microtiter plates (Flow 
Laboratories, McLean, VA) with 10 ^l of purified mAb (1 mg/ml) 
for 30 min at 4" C. After two washes with PBS containing 0.02 mM 
sodium azide and 1% BSA (Sigma, St Louis, MO), the cells were 
10 incubated with 1/40 dilution of FITC labelled F(ab')2 fragments of 
goat anti-mouse antibody (TAGO, Inc. Burlingame, CA) for 30 min at 
4° C. After three additional washes, the labelled cell samples were 
analyzed by flow microfluometry on a FACScan (Becton Dickinson, 
Sunnyvale, CA.). 

15 Antibody Dependent Cell-mediated Cv totoxicitv (ADCC^ 

ADCC activity of cultured human monocytes against antibody 
coated rhesus positive human erythrocytes was performed as 
previously described by de Velde et al, J. Immunol. i-#9: 4048 
(1992). 

20 IL-13 and IL-4 Indu ce Identical Changes in the Expression of Cell 
Surface Antigens bv Human Monocytes 

Both mouse and human IL-13 induced expression of CD23 
(FceRII) and upregulated the expression of class II MHC antigens on 
human monocytes. The effects of IL-13 on the expression of a 

25 larger panel of cell surface antigens was investigated. IL-13 

affected the expression of multiple cell surface molecules belonging 
to different supergene families. IL-13 enhanced the expression of 
several members of the integrin superfamily of adhesion molecules. 
The expression of a subunits CDUb (C3bi receptor, Mac-1), CDllc 

30 (gpl50,95), and VLA-5 (FNR), as well as their respective p subunits 
CD18 (p2) and CD29 (pi. VLA-b) were upregulated by IL-B. The 
expression of other members of this fsimily, including CDlla (LFA-1), 
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VLA-2 (CD49b), VLA-3. VLA-4 (CD49d), VLA-6 (CD49f). p3 (CD61). 
and p4 was not significantly affected by IL-13. 

IL-13 enhanced the expression of class II MHC antigens The 
expression of HLA-DR. HLA-DP and HLA-DQ was upregulated by 
IL-13. Expression of other members of the Immunoglobulin 
superfamily including class I MHC, CDlla (LFA-1), CD54 aCAM-1) 
ICAM-2. and CD58 (LFA-3) was not dramatically affected by IL-13. 

IL-13 modulated the expression of the various Fc receptors on 
monocytes. The expression of CD64 (FcyRI), CD32 (FcyRII). and CD16 
(FC7RIII) on human monocytes was strongly downregulated by 
IL-13. In contrast, IL-13 induced the expression of CD23 (FceRII). 
In addition, IL-13 upregulated the expression of CD13 
(Aminopeptidase N) and downregulated the expression of CD14 No 
major effect of IL-13 was detected on the expression of CD25 
15 CD33, and CD44. 

IL-4 induced upregulation of CDllb, CDllc, CD18 VLA-5 
CD29, class n MHC. CD13, and CD23, and inhibited the 'expression of 
CD16. CD32. CD64, and CD14 on human monocytes to the same extent 
as did IL-13. Taken together, these results indicated that the IL-13 
induced changes in the expression of cell surface molecules were 
similar to those induced by IL.4. Incubation of monocytes with 
saturating concentrations of both IL-4 and IL-13 did not result in 
changes in the phenotype as compared to those induced by either 
cytokine alone. 

No additive or synergistic activities of IL-13 and IL-4 on the 
expression of the various cell surface molecules were detected under 
these conditions. There is no evidence that monocytes are able to 
produce IL.4. However, to exclude the possibility that IL-13 acted 
through the induction of E..4 by monocytes or by a few 
contaminating T cells, monocytes were incubated in the presence of 
lL-13 and a neutralizing anti-IL-4 mAb. 

As shown in Table 13, the induction of CD23, dowi^egulation 
of CD14, and upregulation of class II MHC by IL-13 was not affected 
by the anti-IL-4 mAb. The anti-IL.4 mAb. however, was effective 
since it completely inhibited the effects of IL-4 in control 
experiments. Thus. IL-13 acts independentty of IL-4 
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Table 13: IL-13 Acts Independently of IL-4. 



mAb 



Medium 



IL.13 



IL-13 
+ aIL-4 
6 



IL-4 



IL-4 
+ aIL-4 
3 

220 
8 

444 



control 
MHC class II 



3* 
443 

3 

222 



5 

1904 
99 
97 



1845 
79 
83 



5 

2084 
89 
80 



CD23 
CD14 



10 



15 



20 



25 



Monocytes were incubated with medium, IL-13 (50 ng/ml) or IL-4 
(400 U/ml) in the absence or presence of neutralizing anti-IL-4 
mAb 25D2 (10 jig/ml) at 37° C for 120 h and expression of HLA- 
DR/DP (Q5/13), CD23 (gp25), and CD14 (Leu-M3) was determined by 
indirect immunofluorescence. 
* Mean Fluorescence Intensity (channel number) 

IL-13 induced changes in expression of cell surface markers 
were dose-dependent as shown for the modulation of CD lib, CD18, 
CD16, CD32, CD64, CD23, class II MHC, CD13, and CD14 expression 
(Table 14). Generally, incubation of human monocytes with 5 pg/ml~ 
IL-13 was insufficient to induce changes in the expression of these 
cell surface markers, whereas 0.5 ng/ml IL-13 resulted in 
significant changes in phenotype, comparable to those induced by 
0.5 ng/ml IL-4, Maximal responses were induced by 50 ng/ml 
IL-13, which were again in the same range as those induced by 50 
ng/ml of IL-4, indicating that IL-4 and IL-13 were equally effective. 
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Table 14: IL-13 Induces Changes in Cell Surface PhenotVDe of 
Monocytes in a Dose Dependent Manner. ''nenotype of 



10 



20 



mAB 

control 
CDllb 
CD18 
CD16 
CD32 
CD64 
CD23 

MHC class II 

CDI3 

CD14 



_0 
3* 
59 
71 
25 
50 
57 
4 
355 
26 
110 



IL-13 
_5 
3 
54 
54 
20 
48 
50 
4 
386 
26 
110 



(pg/ml) 
500 50000 



3 
102 
79 
20 
44 
36 
12 
586 
113 
75 



4 

139 
108 
15 
40 
26 
56 
607 
121 
37 



IL-4 
4_ 
3 
102 
99 
20 
43 
31 
7 
609 
57 
86 



(U/ml) 
400 

3 
168 
127 
13 
39 
17 
67 
908 
102 
16 




Monocytes were incubated with medium n / , ir«« 



Mead HuoresMnce Intensity (channel number) 



.5 "-n Mnn.. n., n >mr r 

To compare ihe effects of IL-B with those of other cytoldnes 
which modnlate ,h. cell surface phe„«ype. m„„„cy.es w.^ 
mcubated wtth IL-,0 or IFN-, in the ,bs«,ce orUelTof n.-.3 

IFN-Y a^e did not dramatically affect the expression of CDlIb 

IFN-r d.d not noticeably affec, the IL-13 induced increase in 
e^ess,on of these n»rkers. IL-10 or IFN-r had dso no observed 
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However, IL-10 downregulated not only the constitutive class 
II expression on monocytes, but also inhibited strongly the IL-13 
induced class II MHC expression. Similar data were obtained when 
highly purified monocytes isolated by elutriation and cultured in 
5 teflon bags were used (Table 15) Increased expression of class II 
MHC antigens was observed following incubation of monocytes in 
medium alone, which was completely prevented by IL-10. m-IL-13, 
h-IL-13, IL-4, and IFN-y all induced high levels of class II MHC 
expression which were blocked by IL-10 (Table 15). Class II MHC 
10 expression induced by IFN-y was further enhanced by IL-13. IFN-y 
slightly upregulated expression of B7. Taken together, these results 
indicate that IL-13, IL-10, and IFN-y independently modulate the 
expression of cell monocyte surface antigens. 



15 Table 15: IL-10 Inhibits Constitutive and IL-13, IL-4, and IFN-y 
Induced MHC Class II Expression on Human Monocytes. 



Incubation 


IL-10 


(200 U/ml) 


control 4°C 


+ 
69* 


nd** 


medium 37**C 


150 


46 


mIL-13 


212 


73 


hIL-13 


197 


81 


IL-4 


407 


94 


IFN-Y 


347 


36 



Elutriated monocytes were incubated in medium at 4''C or ST'C, 
20 mIL-13 (50 ng/ml), hIL.13 (50 ng/ml), IL.4 (400 U/ml) or IFN-y 
(100 U/ml) in the absence or presence of IL-10 (200 U/ml) in teflon 
bags for 48 h and expression of HLA-DR/DP was determined by 
indirect immunoflourescence. 

25 * Mean fluorescence Intensity (channel number) 

** Not done 
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CVtOtOXirity 



CoTr t1 «P««ion of CD64, CD32 and 

S"i-r::f rtir: r„.T°^'^ : -oc^ri., 

restored ihe downregulalory effecls of n.-4 on mtiA ' 
IL-IO ureveoled n ii oi ii, 4 on CD64 expression. 

u prevenKd IL.13 .ndnced downregulation of CD64 CD32 «^ 
0)16. In addmon. IFN-r could partially rescue IL.13 induct 
dowmeiolation of CD64. bu, did no. affec. d,e IL 13 i„H . 
downregulation of CD32 and CDI6 

" sl,ow„™o%'r>a^ ZIT" °' •^"'^^ ^» 

on the funcHo:al ac^t ^J^' ^ ^L-U 

partia.1, or c„ Jple^,,"';,!^ <: Jl!?- "^"^ 
25 indicaung tha, IL-I3 ^^ J^J'T Z 

by other ntechanisms ^ ^""^ 

-Growth Farror. Bur TnH...,. ^ ,p., ^ 

To determine the effect*! n n 
30 cytokines bv hum«„ production of 

a^.er 6 and 24 honrs by cZi.^™^*; 'acT r"^;""'^ 
monocytes bv LPS r<>c..uo^ • ^ *^ ci.ij>as. Activation of 

"f. O CSF. -mF-o, and H.1RA. Sigmficant le,els „f 
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IL-la, IL-lp, IL-6, IL-8, TNF-a, and IL-IRA were present at 6 h 
after activation, whereas the production of IL-10, G-CSF, and GM-CSF 
was detected at 24 h. At 6 and 24 h after activation, IL-13, IL-4, 
and IL-10 inhibited the production of IL-la, IL-lp, IL-6, IL-8, 
5 IL-10, TNF-a, G-CSF, and GM-CSF, but enhanced the production of 
IL-IRA. 

IL-13 affected the morphology, phenotype, function, and 
cytokine production of monocytes. Incubation of monocytes with 
IL-13 induced strong adherence of these cells to plastic substrates 

10 and their morphology changed to a dendritic appearance. In 

addition, homotypic aggregates of cells were observed. The finding 
that IL-13 upregulated the expression of CDllb, CDllc, GDI 8, VLA- 
5, and CD29, which are members of the integrin superfamiliy, is 
compatible with the observed aggregation and changes in 

.15 morphology, since CDllb/CD18 and CDllc/CD18 heterodimers are 
involved in cell-cell interactions, homotypic aggregation, adhesion to 
artificial substrates, and bind fibrinogen. 

In addition, the a5pl integrin VLA-5/CD29 is the receptor for 
fibronectin, which is an abundant extracellular matrix protein 

20 involved in adhesion processes. IL-13 did not induce changes in the 
expression of other molecules involved in adhesion or cell-cell 
interaction, e.g., CDlla, VLA-2, VLA3, VLA-4, VLA-6, P3, p4, ICAM- 
1, ICAM-2, LFA-3, MEL- 14, and CD44 but it remains possible that 
other cell surface structures are involved in the IL-13 induced 

25 changes in morphology and adherence. 

IL-13 upregulated the expression of class II MHC antigens on 
human monocytes. The expression of HLA-DR, HLA-DP, and HLA-DQ 
was significantly increased by IL-13. IL-10 inhibited constitutive 
and IL-4 and IFN-y induced class II MHC expression on human 

30 monocytes. IL-10 thus inhibits IL-13 induced class II MHC 

expression, which further supports the general immunosuppressive 
activities of IL-10. 

The expression of the various Fc receptors for IgG and IgE on 
monocytes was influenced by several cytokines. CD64 (FcyRI) 

35 expression was upregulated by IFN-7 and IL-10 and inhibited by 
IL-4. Furthermore, IFN-y and IL-10 were able to prevent the 
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downregulation of CD64 induced hv n /i u 
n n i„K;K-. ^ u inauced by IL.4. Here it was shown that 

IL-13 inhibited the constitutive expression of CD64 and that this 
inhibition could also be prevented by IL-10 and IFN y 

expression of CD64 has been shown to correlate with ADCC activity 
of monocytes. ai^uvuy 

Spoauneous or IL-IO- or IFN-y-i„d„ced FcyRI mediated 
c).o.ox.c„y of „,o„ocy«s .oward. IgD coa,ed rh«„s posidve 
erydrocytts was strongly i„Wbi,ed by IL-13 indicating ,h„ n 
no, only affected the phenotype but also the fnncUon oVhul ™ 
n-onocytes. Although IL-lO could p,.„e„t the IL-.3 induced 
^wnregulation of CD64 expression, ADCC activity was sd inhibited 
™,s supports the noUon that ADCC acdvit, is determined by o^ 
other than just the levels of CD64 expression 

IL-13 also affected the expression of FcyRII and FcrRin IL-IS 
downregulated the expression of CD32 and CDI6 in a dose 

IT^urr ■™-r. c^ld hloc. the 

0,-13 tndnced downregulation of CD32 and CD16 on monocytes 

These results indicated that the level „t monocytes, 

highly regulated by cy.„«„* ~ 

for ij^^, T^' " Fc receptor 

induct rexprTssr7™T """^ 

■hat the IL-13 tadZH "«o»ocytes. I. was demonstrated 

> ■!» U. 13 induced expression of CD23 could be uartiaflv 
-P^ressed by ffN-y. u was also shown that IL-.3 c^TiS^uce 
P^ductton of IgE by PBMC. In addiUon. IL-13 could initiar 

IgE productton when a second signal p,x>vided by T ceU clonj T cell 
membranes, or CD40 ligand was ore.™, n. 1 
rei.i.i»f. ^ I, present. The prodncoon of IsE is 

regulated by number of cytokines, including soluble CD23 wWch 
have etther enhancing or inhibitory effects. Tie effect Tn and 
IFN-y on the exoression nf rr^oa u u wictis oi il-13 and 

this concern """"" 8' ""I 
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VI. Activities of IL-4 Antagonist: Interactions 

IL-4 and IL-13 are two cytokines secreted by activated T cells 
which have similar effects on monocytes and B cells. A mutant form 
of human interleukin-4 (hIL-4) competitively antagonizes both hlL- 
5 4 and human interleukin-13 (hIL-13). The amino acid sequences of 
IL-4 and IL-13 are about 30% homologous and circular dichroism 
spectroscopy (CD) shows that both proteins have a highly a-helical 
structure. IL-13 competitively inhibits hIL-4-binding to functional 
human IL-4 receptors (called hIL-4R) expressed on a hIL-4- 

10 responsive cell line, but not to the cloned IL-4R ligand-binding 

protein expressed on heterologous cells. hIL-4 has about a 50-fold 
lower affinity for the IL-4R ligand-binding protein than for the 
functional IL-4R, while the mutant hIL-4 antagonist protein binds to 
both receptor types with the lower affinity. The above results 

15 demonstrate that IL-4 and IL-13 share a receptor component that is 
important for signal transduction. In addition, these data establish 
that IL-4R is a complex of at least two components one of which is a 
novel affinity-converting subunit that is critical for cellular signal 
transduction. 

20 IL-13 is one of a number of protein hormones called cytokines 

that are secreted by activated T cells. Human IL-13 elicits 
morphological and cell-surface phenotype changes on human 
monocytes and also facilitates growth and immunoglobulin (Ig) 
production by human B cells. All these biological effects are also 

25 elicited by hIL-4, another protein hormone secreted by activated T 
cells. 

The biological actions of IL-4 are mediated by a cell surface 
receptor that binds IL-4 with high specificity and affinity. 
[Dissociation constant or Kd ~ lO'^O m. See Harada et al. in Spits et 
30 al. (eds), IL-4: Structure and Function, 1992, CRC Press, Boca Raton, 
pp. 33-54.] Human and mouse IL-4R have been characterized by 
cDNA cloning which defined a 130 kDa glycoprotein (herein referred 
to as IL-4R ligand-binding protein) with a single transmembrane 
span. The extracellular domain sequence of IL-4R ligand-binding 
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oiner cytokine receptor proteins. 

inttract ons where one snbunit by iiself binds ihe ligand at a 

b^dmg a/f,„,n, and often are taportan. for signaling. However Ae 
extracellular domain of the n av t a ,.• nowever, the 

wrears to hi„H . "'sand-binding protein alone 

Wem to b,nd IL-. at the higl, affinity that characterizes IL-4R on 

mntp^nt tor b.nd.ng, « ,s tapo„.„, ,„ „ansdnction 
The structnral homologies between many of the cytokine 

stnictui of f« - ^ compact-core-bundle 

structure of four antiparaUel a-helices <?ee ^ „ ^ • ^ 

Science 254:1779 (1991V b«„„ 7 ! ^'^^""^'^^ « 

^t.iiiy uyyi). Bazan. Science 57:410 (1992)- McKav 

irrr^ ra~rnMr.r/T '"'b'° 

the fourth a-helix resuhr.n . . *^ C-terminus of 

of most receotor bin? 1 " receptor-acUvation. but retention 

specific cllv ""^'"^ ^ Po»««t and 

specify competitive antagonist of IL-2 biological action 

Based on the structural homology between IL 2 n /. u 
importance of residues of hIL-4 th«» k! T '''^ 
Glnl41 was investigated J^'l ' ' ^° "^"^^ 

residue (Tyrl24 S Asp) "P^^^"*^. substitution of a 

human L-4 (hIL-4) splc fL f k " °' ""''^"^ 
renders the n '^^"^''^^"y abrogates IL-4R -activation and 

^tilr ™r ' ""'^'"'^ ^^-^ biological 

acdon. This ^openy of hIL-4.Tyrl24 to Asp (called hIL-4 Y124D) 
has been described indeuendentiv c ""--^.ii/4u; 
™s mtttan. - f-^r 

radd'itrrurz "^s.™-™" ^ ^-.i™. 

actions I^-" Wo'oeical 
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Mutapenasis of hTL-4 

Based on mutagenesis studies of mIL-2 [Zurawski et al, EMBO 
J. 9:3899 (1990); Zurawski al., EMBO J. 77:3905 (1992)], the 
shared structural frameworks of hIL-2 and hIL-4 [Bazan, Science 
5 257:410 (1992); McKay, Science 257:412 (1992); Powers et al.. 
Science 25(5:1673 (1992)], and assuming evolutionary conservation 
of functionally important residues, hIL-4 residues El 14, K117, and 
Y124 were selected as those most likely to be specifically involved 
in receptor activation. Substitution mutagenesis at these positions 

10 used a synthetically reconstructed hIL-4 coding region insened in 
the pTacRBS Escherichia coli expression plasmid [Zurawski et al., J. 
Immunol. 757:3354 (1986)]. Double-stranded synthetic 
oligonucleotides (synthesizer and reagents, Applied Biosystems) 
corresponding to the sequence between Sail and ///ndlll Tecognition 

15 sites in the C-terminal coding region and containing equimolar 
amounts of each deoxynucleotide at the codon selected for 
randomized substitution were ligated to Sail and HindTll digested 
pTac-hIL-4 plasmid. 

Recombinant plasmids were recovered by transformation and 

20 the DNA sequence (Sequenase 2.0 kit, US Biochemical Corp.) of their 
Sall-Hindlll intervals were determined. Partially pure mutant hll^4 
proteins were prepared as described for mIL-2 proteins (Zurawski 
et al., EMBO J. 5:2583 (1989)], except that the refolding buffer 
contained reduced and oxidized glutathione, and assayed using TF-1 

25 cells. It was found that substitutions at Y124 resulted in proteins 
that were partial agonists and diat the Y124D substitution had the 
most drastic defect in cellular activation. During the course of this 
work similar observations were made by Kruse et al., supra, who 
also showed that hIL-4.Y124D and hIL-4 have similar affinities for 

30 hIL-4R. 

For production of pure hlL-4.Y124D, the pTrpCll-hIL-4 E. coli 
expression plasmid was subjected to PCR (Geneamp kit, Perkin Elmer 
Cetus) using the oligonucleotides: 

CrCCAAGAACACAACTGAGAAGGAAACCTT (proximal to the single 
35 Pstl restriction site in the coding region) and 
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rrOATrAAGCrrrCAGCrrriAAr-.rT^. 1-rTTrr-rr (a HmWl 
recognmon site precedes U,e underlined pax, which corresponds ,o 

m, Tp^' «>»'^-« " OAT codon for residue 

124) The PCR produc. and pTrpCll-hIL-4 plasmid were cleaved 
w.*^«land«,„dm. lig„ed. and pTrpCU hn.-4V,24D plaslTd 
wa reco.e,.d and validated by ■ransfom.a.ion and sequ^c^ 

J. S.2583 (1989)]. Corresponding changes in hlL-U at those 
posmons should dso have IL-13 antagonistic effects. 



Purificarion of Prm>.;oc 



15 



20 



25 



30 



fl-wr!!, ""■"^ ■"'«lc«kin-la (hIL-la: Kronhein, et al.. 

t J" S'" ■"•1-13 were purified as 

^ at 37 C in 12 liters of L-Brolh containing 50 tig/ml 
a^prcmu, .n a 0 53 rotatory shalter (New BmnswL Sc.! 1) at 
200 ,pm. The cells were harvested by centrifugation in a RC-3 
cen^fuge (all rotors Sorval.) at 4^00 rpm. 10 L. 4'C. Z pellets 

p3 ? " Tris-HCI phT 

1 n,M EDTA) by shaking a. 200 rpm for 15 min. Cdls wjTruMured 
by 4 passes through an ice^ooled Microfluidizer n,ode iTc^f^ 
disrupter (Microfluidics). 

Inclusion bodies were collected by centrifugation in a GS 3 
«..or at 9.000 rpn.. 40 nun. 4"C. He pellet was then hashed tv 
resuspe„s,„n in 450 n.1 o, TE »k1 Triton X-100 was adled ,^ a fi„al 

30 m,„ and were d,e„ peueted in a GSA rotor a. 8.500 ^ wl 
4 C The .ncluston bodies wei^ resuspended in 60 ml 5 M 

7.4). 2 OA, reduced gluuthione. 0.2 tnM otidized gl„«ttio«e L 
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any remaining insoluble material was removed by centrifugation in 
a SS-34 rotor at 20,000 rpm, 30 min, 4*'C. 

The supernatant was diluted 10-fold into the same buffer 
without guanidine hydrochloride and stirred gently overnight at A^C 
5 to permit refolding and oxidization. Concentration and exchange into 
100 ml 50 mM Na Acetate pH 5.0 was then performed using a 
Millipore Pellicon apparatus (Millipore) equipped with a tangential 
flow ultrafiltration cassette with a size exclusion of 10 kDa. The 
sample was subjected to anion exchange chromatography (CM 

10 sepharose 16/100 column, Pharmacia) in the same buffer with 
elution via a 0-0.7 M NaCl gradient. Fractions containing hIL-4 
protein were pooled and subjected to reverse phase chromatography 
(Poros R 10/100 column, Perseptive Biosystems) with elution via a 
gradient of 0-50% acetonitrile in 0.1% trifluoroacetic acid/water. 

15 Fractions containing hIL-4 were lyophilized, dissolved in 50 mM Na 
Acetate pH 5.0, and quantified by densitometry (Molecular 
Dynamics) of stained SDS-PAGE with chicken egg lysozyme (Sigma) 
as a standard. 

Cell Proliferation Assays 

20 Colorimetric cell proliferation assays used the human TF-1 cell 

line at 30,000 cells per well for 3 days and were performed as 
described by Mosmann, J. Immunol. Methods 65:55 (1983). Cells 
were assayed in RPMI medium with L-glutamine and 10% fetal 
bovine serum (JRH Biosciences), 0.5 mM ^-mercaptoethanol (Sigma). 

25 Cells were maintained in the above medium containing 1 nM hGM- 
CSF (Schering-Plough). 

PHA blasts were prepared by incubation of 10^ peripheral 
blood mononuclear cells per ml with 0.1 mg/ml 

phytohaemagglutinin (Wellcome Diagnostics) in Yssel's medium [see 
30 Yssel et aL, J. Immunol. Methods 72:219 (1984)], supplemented with 
1% human AB+ serum in 24-well Linbro plates (Flow Laboratories) 
and were used in the proliferative assay after six days of incubation. 
SP-B21 is a CD4+ cloned T cell line with unknown antigen speciflcity 
and was cultured as previously described [Spits et al, J. Immunol. 
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from subsequent protein scans and the spectra were noise-reduced 
using J700 data analysis software. 

Mutant hIL-4 Antagonist Blocks IL-13 A ction on TF-1 Cells 

In a search for mutant hIL-4 antagonists, it was noted that an 
5 Asp substitution at residue Tyrl24 of hIL-4 resulted in loss of 

receptor-activation without significant loss of receptor-binding. As 
expected from these properties, hIL-4.Y124D was a competitive 
antagonist of the action of native hIL-4 on TF-1 cells. TF-1 is a 
human pre-myeloid erythroleukemic cell line that shows a growth 

10 response to various human protein hormones, such as GM-CSF, 

interleukin-3 (IL-3), interleukin-6 (IL-6), IL-4, and both human and 
mouse IL-13. The maximal responses of TF-1 cells to these factors 
varies widely, but the maximal biological responses of lL-4 and 
IL-13 are similar. hIL-4.Y124D had no effect on the TF-1 responses 

15 to GM-CSF, IL-3, or IL-6. In contrast, hIL-4.Y124D was a potent 
antagonist of both mIL<13 and hIL-13 action on TF-1 cells. 
hIL-4.Y124D was equipotent against hIL-4, mIL-13, and hIL-13 
activities on TF-1 cells and inhibited in a dose-dependent manner. 

IL-13 Competitive! V Inhibits hIL-4 Binding to TF-1 Cells 

20 Since hIL-4.Y124D antagonizes hIL-4 via competitive 

inhibition of hIL-4 binding to IL-4R, a similar mechanism was 
hypothesized for its action against IL-13. Such a mode of 
hIL-4.Y124D action against IL-13 would imply commonalty between 
IL-4R and IL-13R. This was tested by comparing the abilities of 

25 hIL-4 and mIL-13 to competitively displace 125i-hIL-4 binding to 
TF-1 cells. hIL-4 fully competed 125i.hIL-4 binding to TF-1 cells 
with the concentration required for 50% inhibition (or IC50) 2 x 
10'^^ M. mIL-13 also competed 125i.hIL-4 binding. However, 
compared to hIL-4, it could not completely displace ^^^l-hlh-A 

30 binding (- 70% of the binding was displaced) and its IC50 value 
(2 X 10-10 M) was higher. 
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A possible basis for .he commonalty bemeen IL^R ami 
s binding . a Lva„ e^oM iTJ^'^Hl^ ,'''''r: T'-"^-' 

"HI- ij uu M) did not compete. 

S phc lin.-4-rfwmve r-|l T,i,rc P o ^ . „ 

IL-13 ?ate",f " '""""''^"""^ »' -he biological activities of 
Md IL-13, as descnbed herein. Human peripheral blood 

J^o^erat i~rro'hr: "bIT "Ti/r - 

tVDes did nnt « IV Both these hIL-4-responsive cell 

types did not proliferate in response to hIL-I3. 

- The Bindinf> Proneni.. kit . y j^^^ ^„ ^ 

The binding of hIL-4 to Ba/F3 hIL-4R-S cells (Kii = lj6x 10-10 

^z^'Zi ;o-.^m rrr- 
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hiI-4R.S cells. * °» Ba/FS 
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were done in parallel and used identical conditions and reagents, 
these two cell types have been reported to have similar numbers of 
binding sites and affinities for hIL-4 as defined by equilibrium 
binding studies. In contrast to the different binding affinities of 
5 hIL-4 seen by competitive displacement binding studies, 

hIL-4.Y124D bound equally to both TF-1 and Ba/F3 hIL-4R-S cells. 
In other experiments, hIL-4.Y124D was used as the labelled ligand 
and the results were analogous 

IL-4 and IL-13 are Structural Homologues 

10 The commonalty between IL-4R and IL-13R prompted a close 

examination of the sequence relatedness of IL-4 and IL-13. Only 
the sequences of the mature human and mouse IL-4 and IL-13 
proteins were examined, while assuming that known disulfide 
linkages for IL-4 are preserved for IL-13. There was significant, 

15 although low (--30%) sequence homology between IL-4 and IL-13. 
The significance of this observation was increased when the known 
structural features of hIL-4 were considered. All of the 25 residues 
that contribute to the hIL-4 hydrophobic structural core were 
conserved or had conservative hydrophobic replacements in IL-13. 

20 Extensive insertion/deletion differences between IL~4 and IL-13 
were, with one exception, confined to loops that connect the four 
a-helices or two short p-strands. The exception was a shortened 
a-helix C, although all the a-helix C residues that contribute to the 
structural core were retained in IL-13. 

25 Mouse IL-13, unlike the p-stranded hIL-la, had a CD 

absorption spectrum characteristic of a highly a-helical protein such 
as hIL-4 [see Johnson, Ann, Rev. Biophys. Chem. 77:146 (1988)]. 

The similarity in the two cytokines allow for modifications to 
either cytokine to effect similar properties on the other. Thus, 

30 insight into the mechanism of IL-4 antagonist with its receptor will 
likely be useful in modulating IL-13 with its receptor. In particular, 
the present study provides locations in the IL-13 molecule which 
would be expected to lead to IL-13 antagonists. Moreover, the 
described IL-4 receptor would be expected to be modifiable while 
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binding to all cell types bearing hIL-4R. However, IL-13 only 
partially competed for binding of 125i.hiL.4 to TF-1 cells. 

The conclusion from the above three lines of evidence is that 
IL-13 is not a partial agonist of IL-4 and that IL-4R and IL-13R are 
5 different. On TF-1 cells, mlL-13 competed hIL-4 binding and 

hIL-4.Y124D antagonized the action of IL-13. These data compel a 
further conclusion that IL-4R and IL-13R have a functionally 
important receptor component in common. This conclusion is 
contrary to a consensus that the IL-4R ligand-binding protein itself 

10 has all of the functional properties of IL-4R. IL-4R complexity is 
suggested by studies that find proteins associated with the IL-4R 
ligand-binding protein. Also, kinetic studies of soluble natural 
mouse IL-4R ligand-binding proteins indicated that membrane- 
bound functional IL-4R/IL-4 complexes were more stable than 

15 soluble IL-4R/IL-4. 

Functional fL.4R Contains an Additional .S..h.. mt(s^ that Fnhaf, r^.f 
Affinity. Hell>s Transduce the 5;i pnal. and iq Shared ^ith n -I^R 

Two results from receptor-binding analyses show that IL-4R 
on TF-1 cells are complex and can exist in a higher affinity state 

20 than thought previously. FirsUy, the apparent affinity of hIL-4 for 
hIL-4R on TF-1 cells was -50-fold greater than for the cloned 
hIL-4R ligand-binding protein on Ba/F3 IL-4R-S cells. The hIL-4 
binding sites on Ba/F3 IL-4R-S cells were the typical 'high affinity" 
IL-4R that are present on many cell types. Dissociation constant 

25 estimates for binding of hIL-4 to hIL-4R commonly vary somewhat, 
but fall within a 5-fold range of Kd -10*^^ M. 

Because the experiments were parallel, replicated 
independently, used the same reagents and cells with similar IL-4R 
numbers, and gave analogous results using a different labelled 

30 ligand, the "higher affinity" hIL-4 binding detected on TF-1 cells 
should be significant. Secondly, while it bound with only a slightly 
reduced affinity to IL-4R ligand-binding protein expressed on Ba/F3 
cells, hIL-4.Y124D bound to IL-4R on TF-1 cells with an affinity -50- 
fold less than did hIL-4. In essence, this result provided an internal 

35 control to confirm the "higher affinity" hIL-4 binding detected on 
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hgand-binding protein and an additional component (or 
components) that enhances the affinity of the IL.4R hL„h h- w 
protein for IL«d Th.o -u- • . u--4K ligand-binding 

I ^13 ild K- ? component(s) also associates with 

an IL 13 hgand-binding protein present only on a subset nf rr / 

productive hIL-4R/hIL-4.Y124D complex ' ' "°- 
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Indeed. hIL-4.Yl24D labelled with the u 
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experiments have underestimated the actual affinity of IL-4R for 
IL-4. This was not an issue in the experiments which used 
hIL-4.Y124iodoTyr as the labelled-ligand and native hIL-4 as a 
'cold' competitor. A second factor that may have hindered the 
5 discovery of two affinity states for IL-4R is that the difference 
between the two affinities is only -50-fold. Thus, if cells have a 
mixture of IL-4R in both states, or if the lower affinity' state 
predominates, then two affinities may be impossible to recognize 
separately using conventional methods. The hIL-4R subunit-specific 

10 defect of hIL-4.Y124D is a powerful new reagent for dissection of 
hIL-4R complexity. 

The notion that IL-4-responsive cell types vary in IL-4R 
composition is being tested. Other direct tests of this model will 
require molecular characterization of the IL-13R ligand binding 

15 protein by binding analyses, cross-linking studies, and cloning. 

However, the reagents to permit direct characterization of IL-13R 
have not yet been developed. The very low affinity (Kd = SxlO'^M) 
IL-4-binding sites that have been detected on human lymphocytes 
may be a property of an additional IL-4R component. 

20 Common Subunits in Other Cytokine Receptors 

The molecular nature of the functionally important receptor 
component in common between IL-4R and IL-13R is unclear. The 
above model to account for our data is based on the existence of 
other affinity-modulating proteins that are obligatory components 

25 shared between several functional cytokine receptors. Such shared 
components have been discovered in receptors for rL-6, oncostatin-M, 
leukemia inhibitory factor, and ciliary neurotrophic factor, which all 
share gplBO [see Kishimoto et ai. Science 258:593 (1992)], as well as 
for human IL-3, interleukin-5 (IL-5), and GM-CSF receptors, which 

30 all share the Pc F^tein [Miyajima et ai, Trends In Biochemical 
Sciences 77:378 (1992)]. 

This shared Pc receptor subunit accounts for the observed 
cross-competition of IL-3, IL-5, and GM-CSF binding to certain cell 
types. When assayed on TF-1 cells, hIL-4.Y124D did not antagonize 
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Results with cocultures of highly puriHed B cells and activated 
T cell clones with 400 U/ml IL-4 showed inhibition of IgE synthesis 
by the IL-4 antagonist used at 10 |ig/ml. See Tables 16 and 17. The 
assay was as described above for IgE synthesis. 



1 0 Table 1 6: Induction of IgESynthesis by IL-4, IL- 1 3 and IL-4-Mutant Protein 

IgE Synthesis (ng/mH 

Medium <0.2 

15 IL-4 (200 U/ml) 173+45 

IL-13 (200 U/ml) 110+42 

IL-4-Antagonist (Y.124, 1 mg/ml) 13+6 

Mock-control <0.2 



Table 17: IL-4-Mutant Protein Inhibits 11^4-Induced IgESynthesis by PBMC 

I gE Svnthesis (ng/ml) 



Medium 


<0.2 


IL-4 (50 U/ml) 


265±49 


IL-4 (50 U/ml)+Y.124 (0.003 mg/ml) 


108+60 


IL-4 (50 U/ml)+Y.124 (0.03 mg/ml) 


12+5 


IL-4 (50 U/ml)+Y.124 (0.3 mg/ml) 


12±3 


IL-4 (50 U/ml)+Y.124 (3 mg/ml) 


5+2 


IL-4 (50 U/ml)+Mock-control 


194+46 



IL-4 antagonists like Y124 also effectively inhibited the 
proliferation of purified human B cells stimulated by anti*-CD40 
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SEQUENCE LISTING 
(1) GENERAL INFORMATION: 

5 (i) APPLICANT: 

(A) NAME: Schering Corporation 

(B) STREET: One Giralda Farms 

(C) CITY: Madison 

(D) STATE: New Jersey 
10 (E) COUNTRY: U.Sj\. 

(F) POSTAL CODE (ZIP): 07940-1000 

(G) TELEPHONE: 201-822-7375 

(H) TELEFAX: 201-822-7039 

(I) TELEX: 219165 

15 

(ii) TITLE OF INVENTION: Human Interleukin-l 3 

(iii) NUMBER OF SEQUENCES: 6 

20 (iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Hoppy disk 

(B) COMPUTER: Apple Macintosh 

(C) OPERATING SYSTEM: Macintosh 6.0.5 

(D) SOFTWARE: Microsoft Word 5.1a 

25 

(v) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: 

(B) FILING DATE: 

30 (vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/012543 

(B) FILING DATE: Ol-FEB-1993 

(vi) PRIOR APPLICATION DATA: 

35 (A) APPLICATION NUMBER: US 08/010977 

(B) FILING DATE: 29-JAN-1993 
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(vi) PRIOR APPLICATION DATA: 

(A) APPLICATION NUMBER: US 07/933416 

(B) FILING DATE: 21-AUG-1992 

(2) INFORMATION FOR SEQ ID N0:1: 

(i) SEQUENCE CHARACTERISTICS- 

^"^l^^^"^- '^90 base pairs' 
10 (B) TYPE: nucleic acid 

(QSTRANDEDNESS: double 
(D) TOPOLOGY: linear 



15 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO l ■ 

Met Ala Leu Leu 



25 



35 



20 

50 

70 7^ i>er Ala lie Glu Lys Thr Gin Ara 

ATG CTG AGC GGA TTC Tcr rrv r^/^ 

100 

115 

■^-^^ 130 
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TGAAACTTCG AAAGCMCAT TMTTGG»GA. GACJiGGftCCT GACIATKS^ GTTQCftGATT 500 
C3aTrTTCTT TCTGATGTCA AAAKTCTCTT GGGIAQGCGG GAftGGaGGGT TAGGGAGGGG 560 

5 

TAAAftTTXT TRGCTIRGftC CTCftGCCTCT GCIQOOCGIC TTCRGOCTAG OCCaCCICAG 620 
CCTTCCCCTT GCCC3«3GGCr CaGCCTGGTG GGCCTCCTCT GTCCAGGQCC CIGMSCICGG 680 

10 TGGACCCAGG GATGACKTGT CCCTACAXC CTCCCCTGCC CTAGAGCflCA CTCTftGCaTT 740 
ACAGTGGGTG CXXXXCTTGC CftGaCKTGTG GTGGGACftGG GACCCflCTTC ACW»CftGGC 800 
AftCTGaOGCA GaCftQCaGCT CaOQCACaCT TCrTCTTGGT CTTMTrATT ATTGTGTGTT 860 
ATTTaaftTCA GTGTGTTTGT CftCCGTraOG GATTGQQGaA GflCTGTGQCT GCTQGCaCTT 920 
QGAGCCAAQG GITCftCSftGAC TCAGGGCCCC AGCSCTAAflG CftCTGCaCCC CAGGAGTCCC 980 

20 TGGTAATAAG TACTGTGTAC AGAATTCTGC TZCCTCaCTC GGGTCCTGGG GCCTCGGAGC 1040 

CTCATCCXSAG GCAGGGTCAG GAGAGGGGCA GAftCftGCCGC TCCIGTCTQC CRCCCMXtiG 1100 

CCAGCTCTCa OXAACGftGT AKITERITGT TrTTCCTCGT AnTAAftTaX TaftAIftlGTT 1160 
25 _ 

AGCftAAGftGT T3^aiKEKEftG AftGGGIftCCT TGftACaCTQG QQGftGQQGRC KTTGPACMiG 1220 
TTGTTlCaTT GaCEftTCAAA CTGRAGCCnG AARIftftfiGTT QETGACftGaT AAftRAAAAAA 1280 
30 AAAAAAAAAA 1^290 

(2) INFORMATION FOR SEQ ID NO:2: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 132 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: Knear 

40 (ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2: 

Met Ala Leu Leu Leu Ihr Thr Val lie Ala Leu Ihr Cys Leu Glv Glv 
45 1 5 10 15 

Phe Ala Ser Pro Gly Pro Val Pro Pro Ser Thr Ala Leu Arg Glu Leu 
20 25 30 



50 



He Glu Glu Leu Val Asn He Thr Gin Asn Gin Lys Ala Pro Leu Cys 
35 40 45 
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Gly Ser »fet ^ ser lie Asn Leu 0^ Ma Gly Met Tyr Cys 

60 

5 -^iu II. val ser Gly cys ser AU ne Glu 

80 

Lys a. GI« »r,^ Ser Gly ^ cys Pro His Lys s» «a 

10 90 95 

Gly Gin Ph, Sjr ser His «a ^ ;^ ^ „^ ^ 

105 

15 ''"""S'*''*^'*"5tS'^'-I-y=I.y=I-PteAr,Gl„ 

125 

Gly Arg Phe Asn 



130 



(2) INFORMATION FOR SEQ ID N0:3: 

(i) SEQUENCE CHARACTERISTICS- 
(A) LENGTH: 1212 base pairs' 
25 (B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: linear 



30 



35 



(xi) SEQUENCE DESCRIFHON: SEQ IDN0:3: 

^^^^^ C^GOCn^ CA^^ ^ 

^ 10 



108 



156 



40 20 25 

SSS2:^gSSSG^GlS^r"='^'«°« 

30 ' ■^■^^ Glu Leu Ser Asn lie Thr Gin 

*0 45 
45 GftCC3U3ACTCCCCTCTCCAAr«=r'a/y-«nv.«- 

-P.ln^P„l^^^g^™S-»2S?SS 

^5 go 

70 



204 



252 
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AAT TGC AAT GCC ATC TAC AGG ACC CAG AGO ATA TTG CAT GGC CTC TGT 348 
Asn Cys Asn Ala He Tyr Arg Thr Gin Arg He Leu His Gly Leu Cys 
80 85 90 

5 

AAC CGC AAG GCC CCC ACT ACG GTC TCC AGC CTC CCC GAT ACC AAA ATC 396 
Asn Arg Lys Ala Pro Thr Thr Val Ser Ser Leu Pro Asp Thr Lys He 
95 100 105 

10 GAA GTA GCC CAC TTT ATA ACA AAA CTG CTC AGC TAC ACA AAG CAA CTG 444 
Glu Val Ala His Phe He Thr Lys Leu Leu Ser Tyr Thr Lys Gin Leu 
110 115 120 125 

TTT CGC CAC GOC CCC TTC TAATGAGGAG AGACCATCCC TGGGCATCTC 492 
15 Phe Arg His Gly Pro Phe 

130 





AGCTGTGGAC 


TCATTTTCCT 


TTCTCACATC 


AGACTTTGCT GGGGAGAGGC 


AGGGAGGAGG 


552 


20 


GTIGAGGAGG 


AAGGGAGAIG 


ccTCAGcnr 


GGCCTCAGCC TGCACTGCCT 


GCCTAGTGCT 


612 




CAGGGTCTCA 


GCCTGGCAAC 


ACCCCCACCC 


CACCCCCACC CCCGCCGCCC 


CATCCCATCC 


672 


25 


CTACAGAAAA 


CTGCAGCAAG 


ACCGTGAGTC 


CAGCCTGTGG CCTGGTCCAC 


ACAGGGCAAC 


732 


TGAGGCAGGC 


AGCAGCTTGA 


QCACATTrCT 


TCTTGATCTT ATTTATTATC 




792 




GTTGTGTGTT 


30 


AITTAAATGA 
CTOCAQCATT 


GTCTGrCAGT 
GAAGCAGTGG 


ATCCOGGTGG 


GGACATGGrr TGCTGCCTAT 


GCCCTGGGGG 


852 




CCCTGQCAAT ATTACTGTAT 


ACATAACICT 


912 




GCTACCTCAC 


TGTAGCCTCC 


AGGTCTCACC 


CCAGGCAGGA GATGGGAGGG 


GAGGCCAGAG 


972 


35 


CAACACTCCT 


GTCTGCCACG 


GCAGCAACCA 


GCCCTCAGCC ATGAAATAAC 


TTATTGTTTr 1032 


GTTCTTATAT 


TTAAAGTATT 


AAATAGCHA 


GCAAAGAGTT AATAATATAT 


GGAAGAA^FGG 1092 




OCTGTTACAC 


TCAAGGTGAT 


GTGXAGTGAA 


TGGGGGGAGG GTGGTGGGTT 


TCTCACTCAA 1152 


40 


CAAACTTTTC 


ATTGACTGTC 


AAACTAG?^ 


CCGGAAATAA AGATGGTGAC 


AGATAAAAAA 1212 



(2) INFORMATION FOR SEQ ID N0:4: 



(i) SEQUENCE CHARACTERISTICS: 
45 (A) LENGTH: 131 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: protein 

50 

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:4: 



WOJM/04680 



130 



PCr/US93/07645 



15 

5 " 
I^eu Ala Ma Pro Glv Prn vai n 

Gly Pro Pro Arg ser Val Ser Leu Pro Leu Thr 

30 

45 

^ ^ Se. ^ ^ ^ ^ ^ ^ 

80 

Ala He ayr Arg ihr Gin Arg He Leu Hi« r^ t 
20 85 ^ l^u Cys Asn Arg Lys 

Ala Pro Ihr Ihr Val <5*»t- ca,- t 

100 ^5° Asp ihr Lys He Glu Val Ala 

110 

125 

Gly Pro Phe 
130 

.30 (2) INFORMATION FOR SEQ ID NO:5: 

(i) SEQUENCE CHARACTERISTICS- 

(A) LENGTH: 35 base S 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: single 

(D) TOPOLOGY: linear 



35 



40 



45 



(xi) SEQUENCE DESCRIPnON: SEQ ID NO-5- 
ACAGCTCGAG CCATGGTGTC TTTGCCTCGG CTGTG 35 
(2) INFORMATION FOR SEQ ID N0:6: 

(i) SEQUENCE CHARACTERISTICS- 
CA) LENGTH: 36 base pairs ' 
(B) TYPE: nucleic acid 
(O STRANDEDNESS: single 
(D) TOPOLOGY: Knear 



BNSOOCIDkWO 



-940468QA1_|_> 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:6: 

GTAGCTCGAG CTCACCGGGA CTTTAAACCA CAGATG 36 



WHAT IS CLAIMFD IS - 

1. Human IL-13 having an amino acid sequence defined by 
SEQ ID NO: 2. 

2. A pharmaceutical composition comprising a 

10 pharmaceutically acceptable carrier and an effective amount of 

human IL-13 having an amino acid sequence defined by SH5IDNQ2. 

3. A method for making a pharmaceutical composition 
comprising admixing a pharmaceutically acceptable carrier and an 
effective amount of human IL-13 having an amino acid sequence 

15 defined by SEQ ID NO: 2. 

4. An antibody, preferably a monoclonal antibody, against 
human IL-13 having an amino acid sequence defined by SEQ ID NO: 
2. 

5. A pharmaceutical composition for inhibiting antibody 
20 isotype switching to IgE or lgG4 comprising a pharmaceutically 

acceptable carrier and an effective amount of an antagonist of IL-13. 

6. A method for making a pharmaceutical composition for 
inhibiting antibody isotype switching to IgE or IgG4 comprising 
admixing a pharmaceutically acceptable carrier and an effective 

25 amount of an antagonist of IL-13. 

7. Use of an antagonist of IL-13 for inhibiting antibody 
isotype switching to IgE or IgG4. 

8. Use of an antagonist of IL-13 for the manufacture of a 
pharmaceutical composition for inhibiting antibody isotype 

30 switching to IgE or IgG4. 
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preferably a ..nooI^Jr"" " ""^^ 

produces „d„ce<, .evt^te tui::-.: """""^ '""^ ™"^'»* 

Of s'r .0 rstrciT •■ " »^ 

IL-13. antagonist is an antagonist of human 
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